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Since probably all physiologists and biochemists have be- 
come reconciled to the fluctuating, not to say unstable, char- 
acter of cellular protein, as revealed by the isotope studies 


of Schénheimer and his associates, there may be need for 
another base of reference for biological values to take the 
place of ‘‘endogenous’’ nitrogen. We believe this role may 
with propriety be assigned, under suitable conditions, to the 
creatinine percentage of the urinary nitrogens. In a previous 
publication from this laboratory attention was directed to 
the high degree of correlation found in human subjects be- 
tween the biological values and this constituent of the urinary 
nitrogens arising from the proteins fed (Murlin et al., ’48). 
We now present even more convincing evidence of this rela- 
tionship derived from exactly parallel procedures with 9 dogs. 

Preliminary studies on two dogs, A and B, were made in 
the summer of 1948.1 The dogs were quite unlike in size and 

*The early part of this study was supported by the residue of a grant from 
the Williams and Waterman Fund received in 1947, with the permission of that 
Fund. A new grant was received in May, 1951, especially for a study on dogs 
(and possibly other species) similar to that on human subjects. Because of the 


limitation of laboratory space, this project has been considerably prolonged, and 
had to be confined to dogs. 
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breed,’ did not agree well in the beginning in adapting them- 
selves to cage life or in reaction to the food, and did not 
produce equal biological values (B.V.) or excrete the same 
percentage of creatinine nitrogen. Neverthéless, the corre- 
lations between biological values (B.V.) and creatinine N % 
were high for 8 different feedings: for dog A, 0.988; for dog 
B, 0.946. 
EXPERIMENTAL 
Definitive experiments 


The investigation was interrupted in the autumn of 1948 
and was not resumed until June, 1951. At this time a group 
of 7 dogs was collected, 5 of which were of beagle blood, rang- 
ing in weight from 8.5 to 10.0kg. They possessed similar 
characteristics although they were not pure-bred. The other 
two were of mongrel fox terrier type of nearly the same weight 
as the smaller beagles, but in temperament they were quite dif- 
ferent. All the dogs were given vermifuges for round worms 
and tapeworm before starting the routine feedings. 

All of the dogs were females and had produced at least one 
litter of pups. This circumstance made it possible to cathe- 
terize the bladder readily and secure the urines at definite 
times with relation to feeding and exercising the dogs. Food 
constituents were weighed into deep enamel pans, to an ac- 
curacy of half a gram, and were moistened with water and 
cooked in a double boiler over a gas flame for 20 to 30 min- 
utes. This degree of heating does not cause heat injury to 
the proteins and yet it insures thorough gelatinization of 
starch. 

The pans with covers were then placed in the refrigerator 
overnight and next morning were warmed up to a comfort- 
able temperature for ingestion of the ingredients. Vitamins 
were dispensed from bottled solutions and mixed well with the 
food, which was then ready for feeding immediately after 
catheterization. Quite regularly, depending to some extent 
upon weather, two of the three dogs alternatively were exer- 


? Dogs of a satisfactory type were difficult to obtain in 1948. 
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cised outdoors just after feeding to afford opportunity for 
collection of feces on paper towels. 

The dogs were given a rest from catheterization over the 
weekend. The urines were tested from time to time for pos- 
sible traces of bladder infection. Five to 10 ml of a saturated 
boric acid solution routinely were left in the bladder and were 
nearly always voided a few minutes later, thereby flushing the 
urethra. This procedure was continued throughout the inves- 
tigation. 

The feeding period for these definitive experiments was one 
week, starting Saturday morning, at which time the fecal 
markers were added to the food. Ferric oxide was most com- 
monly used, but chromium oxide occasionally was substituted. 


Nutrition of the dogs 


The proteins * fed were prepared for the Rutgers coopera- 
tive research by several food industries (cited on page 2 of 
the Report by the Bureau of Biological Research of that Uni- 
versity, 50). Descriptions of the methods of preparation in 
dry form were given in this Journal (Hawley et al., ’48). 

To this group of 6 proteins was added lactalbumin.* In 
these experiments it proved to rank as high in biological value 
as whole egg proteins (see figures 1 and 2). 

Calories were supplied in sufficient amount to keep the dogs 
at as nearly uniform weights as possible. Every morning ex- 
cept Sunday and immediately after catheterizations the dogs 
were placed on a metric scale and the weights recorded. At- 
tempts were made to adjust the calorie requirement in ac- 
cordance with significant variations of weight by Tuesday 
morning of the weekly period. Fixing an arbitrary limit of 
so many calories per kilogram or per unit of surface area for 
a period of several months is quite impossible in our experi- 
ence, because of fluctuations cf temperature in the laboratory 

* We are indebted to Professor William H. Cole for sending us sufficient addi- 
tional quantities of these proteins. Analyses for nitrogen established that only 


minor changes in composition had ensued since 1947. 
***Labeo,’’ very kindly supplied by the Borden Company. 
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and in amount of exercise given the dogs. In general, how- 
ever, the dogs usually got 65 to 70 Cal. per kilogram in 
summer and in winter around 80 Cal. Some dogs will get very 
fat on 80 Cal. the year round. 
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Fig. 1 Abbreviations are: W.Gl., wheat gluten; P.F., peanut flour; Cas., 
casein; D.B.P., dried beef protein; E.A., egg albumin; L.A. lactalbumin; W.E.P., 
whole egg protein. The numerals in figures 1 and 2 indicate the number of dogs 
eating the corresponding proteins. 











The calorie foods consisted of: (1) lard, (2) starches of 
several kinds — arrowroot, wheat starch and cornstarch. Ar- 
rowroot starch has the lowest nitrogen content but is likely 
to produce soft stools. Cornstarch has a somewhat lower ni- 
trogen content than wheat starch. It is also readily available 
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in every supermarket. (3) ‘‘Dexin’’* was found to be a valu- 
able product for intermediary carbohydrates, dextrins and 
maltose. (4) Finally, since nearly all domesticated dogs like 
sweetness, cane sugar was always a constituent. 
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Fig. 2 Abbreviations the same as for figure 1. It is of special interest that 
lactalbumin and whole egg protein in both figures fall so closely together at the 
100% level for B.V. Observe, however, that the creatinine N percentages in fig- 
ure 2 are about 2% farther out on the abscissa than those in figure 1. This is 


due to the improvement in the creatinine method evolved by Clark and Thompson. 





The salt mixture principally used was one previously em- 
ployed in this laboratory for human subjects (Murlin et al., 
46). With only minor adjustments, the mixture designed by 
Jones and Foster (’42) was also tried, but it seemed to have 


*A trade name. Burroughs, Welleome Co., Tuckahoe, New York. 
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a laxative effect because of the high percentage (6%) of 
Mg SO, in comparison with older mixtures. 

The water-soluble vitamins were weighed out from time to 
time and dissolved in 230 ml of distilled water in the follow- 
ing portions: thiamine 25 mg; nicotinamide 225 mg; ca-panto- 
thenate 150 mg; pyridoxine 60 mg; inositol 2 gm; ascorbic acid 
1 gm; folic acid 36 mg; vitamin B,, 1 ml; biotin 2 ml. The folic 
acid was dissolved in the water plainly alkaline with NaOH, 
and as soon as solution took place it was cautiously brought 
back to neutrality. Two milliliters of this solution were added 
to each dog’s food each day. 

The fat-soluble vitamins were dissolved in 95% alcohol in 
the following amounts per 230-ml bottle: riboflavin 25 mg; vi- 
tamin A ester 1.8 gm; viosterol 0.1 gm; and choline Cl 10 gm. 
The riboflavin was put into solution in the alcohol definitely 
alkaline to litmus and the solution brought near to neutrality 
with a few drops of glacial acetic acid. One or 2 ml of this solu- 
tion was dispensed into each dog’s food each day. 

Five to 10 gm cellu flour were weighed out with the other 
constituents and mixed well with them, thus assuring well 
formed feces. 

Colorimetry 


In the early part of this study and until about June 10, 1952, 
creatinine was determined by the Folin-Doisy method (’16) 
based on the Jaffé reaction, but with the refinement introduced 
by Benedict (’29) and that suggested by Peters (’42). The 
color was read by means of the Klett-Summerson photoelec- 
tric colorimeter. Sometime before the date mentioned the ar- 
ticle by Clark and Thompson (’49) was discovered and the 
improvements these authors made were adopted. The use of 
a modern spectrophotometer is necessary to identify the most 
favorable wave length because filters are not entirely de- 
pendable, and to establish the optical densities in the calibra- 
tion curve from fractions of the purified creatinine standard. 
The use of a good pH meter is also recommended, and the 
1.17% picrie acid solution is adjusted to pH 2.0 + 0.5 by ad- 
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dition of approximately 20 ml of 2N NaOH. It must be con- 
firmed from time to time. The readings were made on the 
photoelectric colorimeter provided with a voltage regulator. 
As may be seen from figures 1 and 2, creatinine N percentage 
was about 2% higher in the latest correlation plotting, after 
adopting the Clark-Thompson procedure; this is attributable 
to the denser color for the Jaffé reaction. 

Creatine was determined by the same method, after the 
urine sample was heated for 30 minutes in an autoclave at 
120°C., between the addition of the Na-picrate buffer and the 
NaOH. The maximum rate of conversion, according to Clark 
and Thompson, takes place at pH 2. 

Table 2 illustrates the order of constancy obtained in the 
5-day urines of several weekly periods and with three pro- 
tein and one no-protein periods. There is somewhat better 
agreement between the protein days than with the no-protein 
days. We seem to have attained a higher degree of constancy 
with female dogs than Albanese and Wangerin (’44) obtained 
with adult male human subjects. The amount of creatinine ob- 
tained after conversion and deduction of the preformed ere- 
atinine was not so constant as the amount of preformed alone. 
Not having duplicated the procedure of Albanese, we cannot 
assert that there was any considerable loss of creatinine in 
the autoclave. All the results shown in table 2, however, were 
obtained with the Clark-Thompson method. The wave length 
and optical density of the calibration curve are to our minds 
the clew to many irregularities. The conversion of whatever 
amount of creatine is present is not essential to the precise 
correlation of preformed creatinine with biological values. 

Table 1 illustrates the order of variability in the biological 
values obtained from 5 dogs fed on dried whole egg protein. 
One of the dogs was used three times at three different levels. 
Two others were employed at two different levels, approxi- 
mately 0.5gm and 0.6 gm apart, and finally two others re- 
ceived amounts of the protein 1.4 gm apart. 

We emphasize the differences in nitrogen levels of intake 
to make it clear that the nitrogen balances in our judgment 
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CREATININE N 


are not necessary to gauge the level of biological values. Glanc- 
ing across the table at the level of nitrogen balances, there 
does not appear to be any relationship between the balances 


AND B.V. 


OF PROTEINS 


] 


and the biological values in the horizontal line just below. 


In the middle of the table are the average percentages for 
creatinine nitrogen of the urine. 


TABLE 
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Constancy of preformed creatinine vs. converted creatinine as creatinine nitrogen 


(Improved method of Clark and Thompson) 


PRE- 
— 

NINE N 

gm 
7/22 0.117 
7/23 0.117 
7/24 0.119 
7/25 0.115 
7/26 0.117 
7/28 0.118 
7/29 0.117 
7/30 0.118 
7/31 0.117 
8/1 0.119 
8/19 0.085 
8/20 0.085 
8/21 0.085 
8/22 0.082 
8/23 0.083 
8/25 0.079 
8/26 0.076 
8/27 0.084 
8/28 0.084 
_ 


29 0.083 


) 


Dog 2 


Dog 1 


coN- 


VERTED 
CREATI- 
NINE N 


gm 


PRE- CcOoN- 
FORMED VERTED 
CREATI- CREATI- 
NINE N NINE N 

gm gm 


Wheat gluten period VI 


0.015 
0.015 
0.010 
0.016 


0.007 
9.013 
0.012 


0.024 


0.016 
0.015 
0.021 
0.013 


0.093 
0.091 


0.096 
0.089 


0.088 


0.084 
0.085 
0.085 
0.089 
0.087 


Dog 6 
0.020 
0.030 
0.032 
0.038 


Whole egg period VII 


0.032 
0.032 
0.040 


0.032 


No-protein period I 


0.100 


0.091 
0.093 
0.096 
0.091 


Dog 3 
0.052 
0.036 
0.023 


0.022 


Lactalbumin period II 


0.018 
0.019 
0.016 
0.017 
0.019 


0.089 
0.092 
0.099 
0.100 
0.100 


0.024 
0.024 
0.014 
0.020 
0.013 


PRE- 


FORMED 
CREATI- 
NINE N 


gm 


0.109 
0.112 
0.110 
0.111 
0.111 


0.108 
0.113 
0.111 
0.114 
0.112 


0.100 
0.099 
0.100 
0.095 


0.097 
0.092 
0.095 
0.095 
0.096 


coN- 


VERTED 
CREATI- 
NINE N 


gm 


Dog 7 
0.012 
0.011 
0.012 
0.031 


0.025 
0.039 
0.043 


0.034 


0.039 
0.024 
0.019 
0.023 


0.022 
0.021 
0.017 
0.018 
0.011 
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The nitrogen balances of the no-protein periods are of 
course minus balances. Those of the protein feeding periods 
are all positive for whole egg. The plus values decline from 
left to right roughly in proportion to the amount of protein 
fed (but not exactly). 

Calculation of the value of K is obtained by summation of 
the two nitrogen balances for each dog’s feedings and cor- 
recting for the absorbed nitrogen by subtracting the small 
amount of nitrogen contained in the ‘‘no-protein’’ feeding. 
The percentage of the corrected absorbed N represented by 
the two nitrogen balances summated, called for convenience 
the ‘‘net nitrogen balance,’’ gives K (conforming to the work 
of Allison and Anderson, °45). 

The average B.V. by the retention method is found to be 
95.2 + 4.3, and that for K by the net balance method 95.3 + 
4.3. Obviously these values are as nearly equal as the compo- 
nents of the equations can be expected to yield them. Both 
B.V. and K, whichever one prefers, are usually expressed as 
whole numbers. 

It is not apparent that anything is gained by dividing the 
two coordinates by the surface areas of the dogs. If one re- 
fers nitrogen balances in the ordinate to Cowgill’s surface 
area formula for the dog, or to Kleiber’s well-known three- 
fourths power of the weight in kilograms, and the absorbed 
nitrogens or nitrogen intakes, as the case may be, in the ab- 
scissa, to the same unit of reference, the resulting quotient is 
precisely the same as is given by the omission of such units. 
In other words, nitrogen balance is not affected by surface 
area. 

Is the confusion due to the fact that protein supplies cal- 
ories? The carbon skeletons of the amino acids can yield 
energy, but the NH, groups which are split off and merely 
signalize the amount of nitrogen ingested or retained have 
nothing to do with calorie requirements. The role of protein 
is primarily to provide growth and repair elements, by syn- 
thesizing complete amino acids. Insofar as it does this it is 
not subject to combustion. 
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The bomb calorimetric heat value of meat protein is 534.5 
eal. per 100 gm of the dried and extracted solids. Of this 
quantity only 400.06 Cal., or 74.9%, are available as a source 
of fuel; the balance of 25% is wasted through the urine and 
feces (Lusk, ’28). The protein calories can be utilized to the 
extent of 4.0 Cal. per gram, but that energy is not concerned 
with the synthesis of amino acids into protoplasm. Therefore, 
units of energy have no relevancy in relation to biological 
values except as the retention of nitrogen may be promoted 
by the so-called sparing action of carbohydrates. In fact, the 
4.0 Cal. per gram of the deaminated protein may serve this 
very purpose, so far as we know, but the amount thus avail- 
able is always small. 


Level of ‘‘endogenous’’ nitrogen 


This study on dogs presented the opportunity to examine 
critically the progress of nitrogen excretion in several suc- 
cessive no-protein periods to illustrate how, if the first no- 
protein period seems not to have become stable, a second such 
period may be introduced after several protein feeding pe- 
riods later in the series. 

Figure 3 contains several graphs depicting the course of 
no-protein nitrogen in two or three successive periods. Only 
the last 4 or 5 days of the 7-day periods are shown. Roman 
numerals show the proteins fed in between. This procedure 
has the advantage of rating biological values on two no-protein 
periods, taking mean values. For example, in figure 3 the last 
two days at the end of the curves for dogs 1 and 3, averaged 
together, present a satisfactory baseline for biological values. 

Obviously the curves would not be so irregular if the ni- 
trogen values were divided by surface area or kilograms*’*. 
The curves then would be nearly horizontal. 


SUMMARY 


It is believed that the high degree of correlation between 
biological values and creatinine nitrogen percentages in the 
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urines of the last days of any given period of protein inges- 
tion entitles this constituent of urinary nitrogen to considera- 
tion as a baseline of reference for the evaluation of proteins. 
With a very poor protein the amount of nitrogen appearing 
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Fig. 3 Course of excretion of urinary nitrogen in three simultaneous no-protein 
periods for three dogs. The Roman numerals designate proteins fed between the 
no-protein periods. 


in the urine is large; the creatinine portion of the total ni- 
trogen therefore is a small percentage; and vice versa for 
a good protein. 

The correlations arrived at in these experiments lend them- 
selves to prediction of biological values from creatinine ni- 
trogen percentages. A higher coefficient of correlation in the 
short series of experiments with only three dogs, as contrasted 
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with the longer series involving from 6 to 12 dogs, is to be 
ascribed to the refinements of the method for creatinine de- 
terminations evolved by Clark and Thompson. The result is 
a safer prediction and therefore a closer estimate of B.V. 
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Well-accepted feeding practices have indicated that most 
swine diets provide at least the minimum amounts of ribo- 
flavin needed for reproduction. The necessity for riboflavin 
in the ration of the pregnant sow has been demonstrated by 
Ensminger, Bowland and Cunha (’47). Krider et al. (’48) 
have offered evidence that the addition of fermentation solu- 
bles to the basal rations of sows, with an increase in the ribo- 
flavin content of the ration from 1.2 mg to 2.3 mg per pound, 
improved the gestation-lactation performance, although it did 
not eliminate the farrowing of weak or dead pigs. Neverthe- 
less, little work has been reported on which to base the mini- 
mum requirements. It is important to establish such minimum 
requirements in order to measure the adequacy of a given 
feed ingredient or mixture for a given purpose. For example, 
such commonly used concentrates as corn, oats, barley and 
certain of their by-products are relatively low in riboflavin, 
and various combinations could be borderline or low in rela- 
tion to requirements. 

In a previous paper, Miller and Ellis (’51) reported that a 
minimum of 0.83 mg of riboflavin per pound of feed was needed 
for growing swine. The National Research Council Committee 
on Animal Nutrition (Hughes et al., 50) recommended the 
same riboflavin allowance of 0.8mg per pound of feed for 
both market and breeding stock. This requirement for breed- 
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ing stock was based mainly on energy requirements and the 
general quantitative relationship of riboflavin to other vita- 
mins, particularly thiamine and niacin. 

In order to determine the riboflavin requirements of swine 
for reproduction, experiments were conducted at the Agri- 
cultural Research Center at Beltsville, Maryland, during 1950- 
51. 

EXPERIMENTAL PROCEDURE 

Young sows used in a previous experiment to determine 
the riboflavin requirements of growing swine were also used 
for this study (Miller and Ellis, 51). The sows were con- 
tinued on the same levels during gestation and lactation that 
were used for growth, that is 0.55, 0.83, 1.25 and 1.65 mg of 
riboflavin per pound of feed. Initially the numbers in each 
group were 7, 7, 6 and 6, respectively. The levels of ribo- 
flavin were furnished at a given concentration in the diet 
rather than on a body weight basis. The diets used in the 
growth experiments were modified to provide the recom- 
mended amounts of protein for gestation and lactation. Fif- 
teen per cent of ground oats replaced an equal amount of 
corn to provide more bulk in the diet. Details of the diet 
composition are shown in table 1. 

During the experiment, the 4 groups of animals were main- 
tained under similar conditions throughout the gestation 
and lactation periods. The sows were kept in concrete floor 
pens and were not on pasture at any time. They were bred 
at an average age of 9 months. 

The animals in the three groups receiving levels of 0.83, 
1.25 and 1.65 mg of riboflavin per pound of feed were rebred 
after the weaning of the first litters, and farrowed their 
second litters. In this way, the cumulative effect of the ribo- 
flavin levels, including possible depletion of body reserves 
caused by lactation, was measured. The 0.55 level was dis- 
carded before the second gestation period because it proved 
inadequate for the initial farrowing. 

The criteria used in judging the riboflavin requirements 
for reproduction were: the condition of the sows during 
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gestation and lactation; the average weights of the pigs at 
birth and at 7, 14, 21 and 56 days; and the viability of pigs 
born. 

RESULTS 

No significant differences were observed in the condition of 
the sows during gestation and lactation. Sows receiving 0.83 
mg of riboflavin per pound of feed were in approximately 
the same good thrifty condition after rearing two litters of 
pigs as their litter mates on the higher levels (1.25 and 1.65 
mg) of riboflavin. It appeared that a riboflavin level which 
was critical for optimum reproduction did not adversely 
effect body weight and the condition of the dams. 

Tables 2, 3 and 4 summarize the farrowing and weaning 
results on the 4 riboflavin levels tested. 

Data in these tables show that 0.55 mg of riboflavin per 
pound of feed was inadequate for reproduction. Early in the 
experiment, three of the original group of 7 sow pigs were lost 
due to riboflavin deficiency, but anorexia and retarded growth 
were the only deficiency symptoms shown by the 4 remaining 
sows. Three of these 4 sows failed to conceive. The one sow 
to conceive farrowed an apparently normal litter but the pigs 
survived less than 48 hours. The range of deficiency symp- 
toms observed was considered fairly typical of variations in 
individual requirements for vitamins. 

The farrowing data for the first litters (Spring, 1951) failed 
to show significant differences between 0.83 and 1.25 mg of 
riboflavin per pound of diet, as measured in terms of the 
viability of the pigs or average weight at weaning. However, 
5 of the 6 pairs of sows that farrowed on these levels were 
litter mates, and if the unrelated pair of sows is dropped from 
the calculations, the 1.25-mg level resulted in significantly 
(0.05) heavier litter weights at weaning than the level of 
0.83 mg of riboflavin per pound of diet. A series of accidental 
losses and breeding failures not attributed to diet prevented 
an adequate evaluation of the highest level (1.65 mg/lb.) of 
riboflavin in the diet. The limited data obtained (two litters) 
did not indicate any improvement over the 1.25-mg level. 
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Results for the second litters (Fall, 1951) of the same sows 
are in general agreement with the results at their first far- 
rowing. The loss of one sow through crippling and the failure 
of two others to conceive prevents a clear-cut statistical analy- 
sis and a definite statement of significance. due to the limited 
number of paired comparisons. However, considering the 
uniformity of the results and their agreement with the results 
of the first farrowing, there seems little doubt that the differ- 
ences are real and important, and that 0.83 mg of riboflavin 
per pound of diet is inadequate for optimum reproductive 
performance. 

The deficiency appears to be cumulative, since additional 
symptoms were observed following the depletion caused by 
lactation. Instead of the increase in the birth weights of pigs 
normally expected from consecutive litters over that of first 
litters from young sows, there was a reduction in birth weight 
at the 0.83-mg riboflavin level. The expected increase in 
average birth weight was obtained at the 1.25-mg and 1.65-mg 
levels, however. Reduced viability of baby pigs from the 
0.83-mg level is shown (table 3) by a higher mortality rate 
for the first 48 hours of life. The diet containing 1.25 mg 
per pound of riboflavin was markedly superior to the 0.83-mg 
diet, as measured in terms of total litter weight at weaning. 


SUMMARY 


Diets containing 0.55, 0.83, 1.25 and 1.65 mg of riboflavin 
per pound were fed to sows in an experiment designed to 
determine the riboflavin requirements for reproduction. 

The adequacy of a given riboflavin level was determined by 
the reproductive performance of the sows in terms of farrow- 
ing and weaning results. 

The level of 0.55 mg of riboflavin per pound of feed did 
not meet the requirement for optimum growth and was in- 
adequate for reproduction. 

The level of 0.83 mg of riboflavin per pound of feed ap- 
peared to be barely adequate for the gestation period but 
deficient for optimum lactation. 
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The level of 1.25 mg of riboflavin per pound of feed gave 
near optimum results for gestation and lactation. 

The level of 1.65 mg of riboflavin per pound of feed gave 
slight improvement over the 1.25-mg level but the results 
were not conclusive. 

A level of 1.25 mg of riboflavin per pound of feed is indi- 
cated as the practical minimum recommended allowance for 
breeding gilts and sows. Swine diets based on commonly used 
grains supplemented to afford the prescribed levels of pro- 
tein and minerals will generally be adequate in riboflavin. 
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The intestinal microflore has been considered by many 
workers to participate in the ‘‘vitamin-sparing action’’ of 
rations containing antibiotics or a complex carbohydrate, e.g., 
starch or dextrin (Cuthbertson, 52; Johansson and Sarles, 
°49; Elvehjem and Krehl, °47; Stokstad, °53). Evaluation of 
the significance of these dietary factors in animal nutrition 
would be implemented if their capacity to enhance growth, 
singly and in combination, could be correlated with (1) al- 
terations in the intestinal flora and (2) concentrations or 
amounts of a limiting nutrilite within the lumen of the in- 
testine and certain tissues. Scaletti et al. ('52) found dietary 
carbohydrate and protein to interact significantly with ter- 
ramycin in modifying the intestinal population of the rat. 

* This investigation was supported in part by a research grant, E-353 (C), from 
the National Microbiological Institute of the National Institutes of Health, Pub- 
lic Health Service. 

* Presented in part before the 52nd General Meeting, Society of American Bac- 
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* A portion of a thesis to be presented in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy at the University of Minnesota. Present 
address: Department of Biology, University of Houston, Texas. 
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— 


Monson et al. (’52) reported the growth of chicks fed a bal- 
anced dextrin-containing purified diet to be superior to that 
of birds on a regimen utilizing simple carbohydrates; how- 
ever, the growth-promoting action of dextrin could not be 
explained in terms of either cecal or liver levels of several 
of the water-soluble vitamins. Furthermore, antibiotic-induced 
growth stimuli bore no relationship to hepatic storage of these 
B vitamins. Recently, Chow et al. (’53) showed, rather con- 
clusively, that antibiotics raise, to a degree influenced by the 
protein content of the ration, the fecal concentration of vita- 
min B,». in the rat. In a previous study Johansson et al. (’53) 
found the effect of aureomycin upon the concentration of B,, 
in rat feces to be nil. _ 

It is felt that the investigation reported herein fulfills a 
need for a study designed to measure, simultaneously, the ef- 
fects of antibiotic supplementation of vitamin B,,.-deficient, 
sucrose- and dextrin-containing rations on (1) growth, (2) 
intestinal flora and (3) intestinal and tissue levels of By. 


EXPERIMENTAL 


Female weanling rats of the Sprague-Dawley strain, from 
45 to 55 gm in weight, were housed in wire-bottomed battery 
cages. Two purified vitamin B,.-deficient basal diets were em- 
ployed. Diet S contained 59.9% sucrose and diet D contained 
the same proportion of dextrin,‘ while both mixtures con- 
tained 21.2% ‘‘alpha protein,’’*® 0.6% pi-methionine, 0.2% L- 
cystine, 9% vegetable fats and corn oil, 4% salt mixture, 5% 
cellulose (‘‘alphacel’’) ® and the usual vitamin supplements 
(Johansson et al., 53). The following supplements were in- 
corporated in both basal rations: (1) crystalline vitamin B,. 
(25 ug/kg); (2) erystalline aureomycin hydrochloride (100 
p-p.m.); and (3) B,.-+aureomycin. All animals were de- 
pleted on one of the basal mixtures for a 7-day period, where- 


*Prepared by autoclaving (120°C.) 6kg cornstarch with 2.51 0.02% citrie acid 
for 6 hours, drying and pulverizing in a hammer mill. 

* An isolated soybean protein purchased from The Glidden Co. 

* Nutritional Biochemicals Corp. 
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upon they were split into 8 groups of 4 each and fed one of 
the 8 experimental diets for a 42-day period. Food and water 
were supplied ad libitum and an accurate record of food con- 
sumption and weight gains was maintained. 


Flora analyses 


Analyses of intestinal flora changes were made upon pooled 
fecal droppings (collected at zero, 16, 40, 112 and 192 hours 
after the experimental feeding period had begun) and on 
freshly pooled cecal and ileal contents after the 42nd day 
of experimental feeding. The animals were killed by a sharp 
blow upon the base of the cranium. A conventional serial 
decimal dilution technique was employed, the initial dilution 
being prepared by placing 1 gm of intestinal material in a 
6-ounce screw-cap prescription bottle containing 99 ml sterile 
tap water and a one-half inch layer of glass beads (2 to 4mm 
diameter). Following vigorous mixing of the initial dilution, 
further dilutions were made in steps of 1:100. All counts 
were estimated from duplicate determinations except that 5 
tubes per dilution were inoculated in carrying out ‘‘dilution 
counts’’ and a ‘‘most probable numbers table’’ was used in 
estimating the original population. The types of bacteria 
enumerated and the media and methods of incubation em- 
ployed are listed in table 1. 


Vitamin By. assay 


The kidneys, livers and intestinal contents (cecum, ileum 
and colon) were recovered on the 42nd day of experimental 
feeding after permitting aliquots of cecal and ileal material 
to be removed for the microbiological determinations. The 
intestinal samples were assayed’ for the presence of two 
‘*states’’ of vitamin B,,: (1) ‘‘bound”’’ B,., i.e., that portion 
in the intestinal lumen which is contained within, or otherwise 
bound firmly to, particulate matter in the intestine; and (2) 


*The assay was performed with a mutant (strain 113-3) of EZ. coli as described 
by Johansson (’53). 
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‘‘free’’ Bio, i.e., that fraction of vitamin B,. which is easily 
eluted with water from the intestinal solids. The separation 
and determination of the two ‘‘forms’’ of the vitamin were 
accomplished by the following procedure: The pooled intes- 
tinal sample from each ration group was weighed, diluted 
1:10 in distilled water, thoroughly mixed and the resultant 
suspension placed in the refrigerator (5°C.) for approxi- 
mately one hour. The suspension was then centrifuged (30 
minutes at 4,000 r.p.m. in a Sorvall angle-head centrifuge, 
model SP/X), and a portion of the supernatant liquid pi- 
petted into a separate tube and stored at — 20°C. until as- 
sayed. ‘‘F'ree’’ B,. was determined by directly assaying the 
supernate without further treatment. The total Bi. concen- 
tration was arrived at by an assay of a trypsin digest * of 
the material which remained in the centrifuge cup and by add- 
ing to the calculation the amount of ‘‘free’’ vitamin B,, deter- 
mined to be in the supernate previously removed. ‘‘Bound’’ 
By. was assumed to be the difference between ‘‘total’’ and 
‘‘free’’ vitamin By. 

Preparation of the organs for determination of their B,, 
concentration was carried out by mincing them in a Waring 
Blendor with 10 times their weight of distilled water and 
storing at — 20°C. These samples were digested prior to the 
assay in the same manner as that employed for the intestinal 
samples and the results expressed as ‘‘total’’ By. per gram, 


fresh weight. 
RESULTS 


Growth and food consumption 


The response of the animals to the various rations is sum- 
marized in table 2 and analyzed in tables 3 and 4. It is ap- 
parent that, in the dietary mixture used, dextrin was supe- 
rior to sucrose in supporting the growth of the rat fed a 
ration deficient in vitamin B,., and that aureomycin partially, 
not entirely, alleviated the growth-suppressing effect of a Bi» 
deficiency. It is obvious also that maximum growth was not 


*In 0.25% trypsin (Difco’s 1: 250) at 37°C., pH 8.0, for 24 hours. 
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TABLE 


Effects of vitamin B,, and aureomycin on growth and food efficiency 


PETERSON, E. C. DICK AND K. 





R. JOHANSSON 





AVERAGE WEIGHT, GRAMS 


FOOD 





RATION ! 


EFFICIENCY 2.3 











Initial Final Net gain ? a7 
S 53.0 131.0 78.0+ 6.8 19.00 + 1.56 
S + aureo. 53.7 152.0 98.3 + 13.3 21.18 + 1.87 
8+ B, 52.5 181.0 128.52 5.5 23.13 + 1.85 
S + aureo. + B, 51.2 208.7 1575+ 6.8 26.23 + 0.51 
D 54.7 157.0 102.3 + 18.9 21.13 + 3.55 
D + aureo. 56.0 173.8 117.8 + 13.5 23.10 + 0.69 
D + B,, 55.5 190.8 135.3 + 3.4 21.43 + 1.03 
D + aureo. + B,, 56.0 208.5 152.5 + 10.5 26.15 + 1.28 
*S = sucrose-containing purified basal diet deficient in vitamin B,,; 


D = dextrin-containing purified basal diet deficient in vitamin B,. 


* Average of 4 animals + standard deviation (/ 
I 


wt. gained x 100 


* Food efficiency = 
’ food consumed 


TABLE 3 


Table of mean and differential effects of aureomycin and vitamin B,, on 


growth and food efficiency 


v 


i—1 


x ) over a 42-day period. 





AUREOMYCIN 





VITAMIN Big 











RATION - ~ 
eer Net food ices ial Net food 
Net gain efficiency Net gain efficiency ! 
gm % gm % 
Diet 8 24.65 2.64 54.85 4.59 
Diet D 16.35 3.35 33.85 1.68 
* See footnote 3, table 2. 
, 
TABLE 4 
Analysis of variance of dietary responses 








DIETS 


DIET D 





SOURCE OF Weight gain 


VARIATION Food efficiency 


Weight gain Food efficiency 











af ms F ms F ms F ms F 
Aureomycin 1 2,425.5 32.4% 27.9 11.6? 1,072.5 6.5? 44.9 11.4? 
Vitamin B,, 1 12,045.0 160.8% 84.2 35.1% 4590.0 27.7' 11.3 2.9 
Interaction 1 76.7 1.0 0.8 <1 3.1<1 7.5 1.9 
Error 12 74.9 2.4 165.8 3.9 





* Highly significant source of variation (P < 0.01). 
* Significant source of variation (P < 0.05). 
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secured merely by adding the limiting factor to the diet, since 
the inclusion of both B,. and aureomycin in the ration in- 
duced greater weight gains than the singly-supplemented di- 
ets, particularly in the case of the sucrose basal. In fact, the 
two supplements were essentially additive in their effects on 
both growth and food efficiency when given simultaneously — 
an observation supported by low F values for interaction of 
B,. and aureomycin (table 4). By means of an analysis of 
variance it was determined that significant differences, with 
respect to weight gains and food efficiencies, existed within 
both carbohydrate basals and their respective supplements 
(table 4). The only insignificant effect was that of vitamin 
By,» on the food efficiency of the dextrin-fed rats. Note that 
the effect of aureomycin and B,, on body weight was of a 
considerably greater degree of significance in diet S than in 
diet D. By means of Student’s ‘‘t’’ test it was found that the 
only significant difference in weight gains between matching 
rations in the two carbohydrate categories was with rats fed 
the aureomycin-supplemented basal diets (diet S + aureomy- 
cin vs. diet D + aureomycin), although the differences between 
the two unsupplemented basal rations and the two B,»-con- 
taining diets verged on significance (p= 0.075). 


Intestinal flora 

For the sake of clarity, counts of aureomycin-resistant coli- 
peared to have no effect on the flora, counts from animals fed 
B,.-deficient and comparable B,.-containing diets were aver- 
forms are omitted from figures 1 and 2. Since vitamin B,, ap- 
aged to simplify presentation of the data. 

Figure 1 indicates the microflora changes induced by aureo- 
mycin within the ileum and cecum. The bars on these graphs 
are arranged by pairs according to the organism counted, as 
indicated along the abscissa. The first bar of each pair rep- 
resents the intestinal population in those rats not fed aureo- 
mycin, while the action of aureomycin is indicated by the second 
bar of the pair. The first step of each pair of bars shows the 
ileal and the second step the cecal count. Each test was made 
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upon a sample pooled from the 4 animals on each ration, and 
since two aureomycin-free and two aureomycin-containing di- 
ets were employed, each intestinal count is the average of two 
pooled samples. When incorporated in the sucrose ration, 
aureomycin altered the microflora at both intestinal levels: 
numbers of proteus, aureomycin-resistant bacteria and en- 
terococci increased, while C. perfringens and lactobacilli were 
reduced in number and coliforms ® were unaffected. The in- 
crease in Proteus spp. was more pronounced in the ileum than 
in the cecum aud aureomycin appeared to have increased, sig- 
nificantly, the ‘‘total’’ numbers of bacteria in the cecum. Ad- 
ministration of aureomycin to rats fed the dextrin-containing 
diets resulted in changes of the intestinal flora which were 
similar to those occurring in the sucrose-fed animals, except 
that the numbers of coliforms increased more than 100-fold, 
C. perfringens was not influenced by the antibiotic and cecal 
lactobacilli were suppressed only slightly. It may be noted 
also that the dextrin diet supported a larger intestinal popu- 
lation of C. perfringens but a lower one of Proteus spp. than 
the sucrose ration. In every instance, those animals fed aureo- 
mycin had ceca considerably larger than those of rats fed the 
antibiotic-free diets. 

Figure 2 reveals the rapidity with which aureomycin al- 
tered the fecal flora. Upon the addition of aureomycin to the 
sucrose ration, a rapid increase in enterococci occurred con- 
comitant with a gradual increase in numbers of proteus, 
Clostridium perfringens, coliform and ‘‘total’’ aureomycin- 
resistant bacteria and a decrease, most ‘marked during the 
first 40 hours, in the lactobacillus population. The apparent 
rise in the ‘‘total’’ population was, perhaps, not real. The 
greatest increase in proteus occurred between the 112th and 
192nd hours. Among the dextrin-fed rats, changes induced 
in the fecal flora by aureomycin were comparable to those ob- 
served in animals given the sucrose diets, with the exception 
of a slight rise (instead of a decrease) in numbers of lacto- 
bacilli and a greater (100-fold) increase in the coliform popu- 


* A large portion of the coliform population developed resistance to aureomycin. 
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lation. It may be observed also that the dextrin-fed rats main- 
tained a much larger population of C. perfringens in their 
feces than those ingesting the sucrose-containing rations. Most 
of these changes in the fecal flora were noticeable within 16 
hours after the onset of aureomycin feeding. 


Intestinal and tissue levels of vitamin By» 


The intestinal contents of those rats fed rations devoid of 
B,. were found to contain considerable vitamin B,. activity 
(table 5). In fact, there was a higher level of B,, in the colons 
of animals fed the B,.-free dextrin basal diet than in the 
colons of animals ingesting the B,.-fortified dextrin ration. 
Furthermore, the presence of vitamin B,, in the diet did not 
appear to raise the concentration of the vitamin in the ileum. 
Regardless of the dietary supplement, the concentration of 
all ‘‘states’’ of intestinal vitamin B,. increased in the fol- 
lowing order: ileum, cecum and colon. The incorporation of 
vitamin B,. in the diets of the sucrose-fed rats raised the 
concentration of ‘‘free’’ B,. at all three intestinal levels, while 
its inclusion in the dextrin ration did so only in the colon 
and cecum. Irrespective, however, of the carbohydrate, the 
presence of aureomycin in the ration invariably raised, to a 
highly significant degree (p=0.007), the concentration of 
‘‘free’’ B,. in both the colon and cecum. On the other hand, 
the ileal level of ‘‘free’’ vitamin B,. was raised by aureomy- 
cin in animals fed the dextrin diets but not in those given the 
sucrose diets. 

It can be concluded from the data in table 5 that the con- 
centration of B,. in the livers and kidneys bears no relation 
to the quantity of the vitamin in the sections of the intes- 
tinal tract tested. The presence of aureomycin in the diet had 
no effect on the tissue concentrations of vitamin B,., while 
the addition of the vitamin to the diet was reflected in an ap- 
proximately 10-fold increase in the level of the vitamin in 
both the liver and kidney. The concentration of vitamin B,. 
was considerably higher in the kidney than in the liver, espe- 
cially when a B,.-sufficient ration was used. Despite the lack 














SS 
= 
3) 
_ 
_ 
a 


ON 


AUREOMYCIN 


OF 


- 


FFECTS 


E 








“q4310oM Jom ‘wield s0d suBsZosNIWITTI TW , 


¢¢'001J,, puv ,,punog,, Jo wns — "gq ,,[BIOL,,, 

UOTWSOSIp d1yuukzus Aq pozyesoqty ynq 1038M YALM poyne A[Ipver you “gq [e}04 Jo uors0d yyy — “gq ,, punog,,, 
‘SOULJSOJUL OY} UT [VILO}JVU PI[OS OY} WOIZ 107BM YBIA poynye AjIpvos “gq 4vYy "TT ., PLT 5 
‘UOI}PUL [Seq Zurureqzuod-utsyxep — qT fuoryer [Useq Zururezuod-osoi9Nns = g , 








003 ete 6 ces't 68 002 oss't  O080T 008 oome + "gq + q 
PSI 066 es = OL C16 cel OF 0ss‘T oge'l oss "7 +a 
Le e0r 908 9ST os9 300°T 393 OFL Ors OLS‘T 01g ‘ooine + 
6h 80l r0e = GEL coL a8 LI9 cor orl‘’s c69'T cit a 
10 = $8BT 43s &8 061 OsrT 099 092 OIs't 099 ost ‘oomns + "gq + § 
ere SUT LI 39 GGZ G&6 cep 0s OrLT cel'T c09 “a+s 
8t LL org = SL cel c08 bel el €92'T £28 06 ‘oomne + g 
St 9L sie ALT cel o9t't LOT €¢ OFs‘T 006 2 OFF 8 
wary , £eupry ate Ij0y, punog eer es ‘ omeee  o-_«£ . , [BOL ; pease enna a a ee 
anssIh KEE ; ; n08O — : —o ; NOLLV4 





}D4 94} UP Sjaaaa “GT UWD)IA anssi? puD oUNsa;ur uo “g puv wohwmoasnn ‘ajyvuphiyoqava favjap fo yoa fq 


$ AIaAVL 











182 G. E. PETERSON, E. C. DICK AND K. R. JOHANSSON 


of correlation between intestinal and tissue levels of vitamin 
By, the concentration of ‘‘free’’ B,. in the intestine increased 
directly with the growth-promoting capacity of the ration. 
Among those animals fed rations deficient in vitamin B,., a 
positive relationship between the intestinal ‘‘free’’ B,. and 
the sufficiency of the diet, as measured by weight gain, ex- 
isted in all cases.'° Except in the colon,” this relationship 
was not so apparent with rats maintained on the 4 vitamin 
B,.-sufficient diets. 


DISCUSSION 


It can be said that, under the conditions of this study, the 
nature of the dietary carbohydrate influences the degree to 
which aureomycin stimulates the growth of the rat fed rations 
in which vitamin B,, is limiting.’ Thus, the growth of ani- 
mals fed a vitamin B,,.-deficient ration was greater with dex- 
trin (diet D) than with sucrose (diet S) as the sole dietary 
carbohydrate and, upon the addition of aureomycin, the growth 
response with diet S was greater than with diet D. It is of 
further interest that B,. and aureomycin were found, in either 
carbohydrate basal, to exert their effects on growth and food 
efficiency independently, as indicated by the insignificant in- 
teraction F values in table 4. Although most investigators 
have been unable to effect an appreciable growth stimulation 
in the rat by antibiotic feeding if highly nutritious diets are 
used (Black and Bratzler, 52; Guzman-Garcia et al, ’53; 
Johansson et al., 53; Lih and Baumann, ’51; Sauberlich, ’52), 


* The correlation coefficient (r) and the probability (p) of this relationship be- 


ing due to chance were as follows: 


Correlated pairs r Pp 
Wt. gain and ‘‘free’’ ileal B,, 0.79 0.20 
Wt. gain and ‘‘free’’ cecal B, 0.83 0.16 
Wt. gain and ‘‘free’’ colon B,, 0.92 0.08 


“There was a highly significant correlation between weight gains and ‘‘free’’ 
B,, in the colon over all ration groups (r = 0.88; p = < 0.005). 

“Unfortunately, a significant source of B,, was available constantly to these 
rats since coprophagy could not be eliminated entirely in the type of cage used. 
Consequently, the true magnitude of the aureomycin- and dextrin-induced growth 
stimuli may have been partly masked by this external source of B,. 
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simultaneous supplementation of such diets with vitamin B,, 
and aureomycin resulted in greater growth and higher food 
efficiencies than did the single addition of aureomycin. It is 
possible, therefore, that the basal rations used in this inves- 
tigation may have been, unknowingly, nutritionally inadequate 
in respects other than vitamin B,.. The most likely constitu- 
ent of these diets which may have contributed to a deficiency 
is the isolated soybean ‘‘protein’’ — shown by Schultze (’53) 
to induce lactation failure in the rat. Nevertheless, the gain 
in body weight supported by the B,.-fortified basal rations was 
of similar magnitude to that obtained with a practical type 
of diet. The animals were kept under good hygienic condi- 
tions and at a relatively constant temperature (25 + 1°C.), 
so that the presence of an infectious agent such as that noted 
by Coates et al. (’52) seems unlikely. , 

The stimulatory action of aureomycin upon growth and food 
efficiency might be explained as an effect upon the utilization 
of nutrients, e.g., vitamin B,., unknown nutrilites, etc., as me- 
diated by the intestinal microflora, by extra-intestinal metabo- 
lic systems, or both. Other hypotheses frequently proffered to 
resolve this phenomenon are equally plausible (Cuthbert- 
son, 52; Stokstad, 53). Since dietary carbohydrates (Elveh- 
jem and Krehl, ’47; Johansson and Sarles, ’49) and antibiotics 
(Anderson et al., ’52a, b; Guzman-Garcia et al., 53; Johans- 
son et al., 53; Sealetti et al., °52) are known to influence both 
growth and the intestinal microflora, and because a common 
denominator of their growth effects seems to encompass the 
intestinal flora, such changes may have a bearing upon the 
growth responses obtained. Observations as to the influence 
of aureomycin on the intestinal microflora made in this study 
confirm and extend those already reported (Johansson et al., 
53). 

It should be stressed that changes observed in the flora of 
fecal droppings were not always similar to those measured 
within the intestine. An interaction between the dietary car- 
bohydrate and aureomycin was evident, particularly upon ob- 
servation of the lactobacillus and clostridium counts. It has 
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been thought by some workers that both of these bacteria are 
undesirable to the host, since the former are fastidious and 
may ‘‘compete’’ with the host for essential nutrients, while 
the latter produce exotoxins which may impair the growth of 
the commensal partner. Rats fed the dextrin-containing ra- 
tions, however, maintained a higher fecal level of C. perfrin- 
gens, concomitant with better growth, than did the animals 
given the sucrose-containing diets (no differences between ef- 
fects of carbohydrate on C. perfringens were apparent in the 
cecum or ileum); and when the former ration was supple- 
mented with aureomycin the lactobacilli increased in the feces 
while being scarcely affected in the ileum or cecum, but the 
numbers of C. perfringens remained the same at the two in- 
testinal levels and increased some 300 times in the feces. These 
observations on the Clostridiwm genus are not consistent with 
those made upon swine and poultry (Elam et al., 53; Larson 
and Carpenter, 52; Sieburth et al., 51). It would appear 
that these two prominent groups of intestinal bacteria, as well 
as certain others, are affected by both the carbohydrate and 
the antibiotic constituent of the ration, and that a rise in their 
numbers is not correlated, in this instance, with growth sup- 
pression, but rather with growth stimulation. 

The possibility that the vitamin B,. ‘‘sparing action’’ of 
dextrin and aureomycin is a manifestation of increased syn- 
thesis, or binding, of this factor by intestinal microorganisms 
is suggested by the following findings: (1) the marked effect 
of these substances upon the intestinal flora; (2) the high 
correlation between growth and the intestinal concentration of 
‘*free’’ B,.; and (3) the pronounced increase in the level of 
‘*free’’ B,. in the cecum and colon, concomitant with a growth 
stimulation, upon the addition of aureomycin to the diet. It 
should be emphasized that the concentration of total vitamin 
B,. in the intestine was not affected by aureomycin, a fact 
noted in a preliminary report (Johansson et al., 53) — rather, 
the amount of ‘‘free’’ B,. increased with a corresponding de- 
crease in ‘‘bound’’ B,.. This indicates that aureomycin sup- 
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presses absorption by intestinal microorganisms of B,, instead 
of stimulating the microbial synthesis of this vitamin. 

By means of a radioactive method, Chow et al. (’53) dem- 
onstrated that several antibiotics, including aureomycin, and 
a sulfonamide drug raised the fecal concentration of butanol- 
extractable B,. in rats. In all probability these workers were 
measuring what is referred to in our study as ‘‘free’’ vita- 
min By. The hypothesis that effects upon the intestinal flora 
play the major role in the observed B,, ‘‘sparing action’’ is 
strengthened further by the observation that the relationship 
between growth and intestinal ‘‘free’’ B,. is less marked in 
the ileum, an area of low microbial activity, than in the colon, 
in which the concentration of microorganisms is the greatest. 
Despite such strong presumptive evidence, the ‘‘sparing ac- 
tion’’ of dextrin and, particularly, aureomycin upon vitamin 
Bi. may not be, however, a result of increased availability 
to the animal of this factor, because a rise in the concentra- 
tion of ‘‘free’’ B,. within the intestinal lumen was not cor- 
related with an increase in the level of B,. within the kidney 
or liver, except when vitamin B,, was included in the diet. 
This inconsistency may be resolved by proposing that much 
of the B,. activity found in the intestine was due to a sub- 
stance which stimulates microorganisms but is not useable by 
the rat. Such a substance, vitamin B,.,, has been isolated 
from the feces of the rat and certain other animals by Lewis 
et al. (752). 

A further aspect of the apparently poor availability of 
intestinally-synthesized vitamin B,. to the animal is that of 
the distribution within the intestinal canal of Castle’s ‘‘in- 
trinsic factor.’’ This factor does not appear to any great ex- 
tent below the level of the duodenum (Hoff-J¢rgensen and 
Landboe-Christensen, ’53), although information regarding 
the presence and distribution of such a B,.-binding factor in 
the rat seems to be non-existent. Therefore, if an intrinsic 
factor is requisite for the intestinal absorption of vitamin By», 
and it is not found within the ileum or large intestine, one 
should not expect the relatively large quantities of B,. in the 
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lower regions of the intestinal tract to be assimilated to any 
extent. However, neither the involvement of vitamin B,., nor 
that of an intrinstic factor seems to explain why a high cor- 
relation between growth and ‘‘free’’ intestinal B,. bears no 
relationship to tissue concentrations of the vitamin. Perhaps 
there is a minute but steady absorption of B,,. from the large 
intestine which is insufficient to permit its storage within the 
tissues at the same level as that occurring when B,, is absorbed 
from the duodenum. This would presuppose the assimilation 
of B,. in the absence of an intrinsic factor, or the presence of 
a minute amount of intrinsic factor activity distal to the duo- 
denum. 

The inability of aureomycin to influence tissue storage of 
vitamin B,. substantiates the results of others (Chow et al., 
53; Couch and Oleese, 50; Monson et al., 52). Lih and Ban- 
mann (’51), however, found antibiotics to raise the total ribo- 
flavin content, but not concentration, in the livers of rats 
maintained on purified rations limiting in this vitamin. Since 
the growth response resulting when B,. was added to the B,.- 
free diet accompanied an appreciable increase in tissue 
concentrations of this factor (a similar effect was reported 
by Richardson et al., 51), whereas no influence on tissue B,. 
concentrations accompanied the accelerated growth induced by 
aureomycin, it may be concluded that tissue storage of vitamin 
B,., and perhaps certain other vitamins, bears little relation- 
ship to the mechanism whereby antibiotics augment growth. 

In the final analysis, one can say that although intestinal 
flora changes accompany enhanced growth and increased in- 
testinal levels of ‘‘free’’ B,. in animals ingesting aureomycin, 
proof of the participation of intestinal organisms in this proc- 
ess must await further study. 


SUMMARY 


1. Weanling rats fed a purified diet deficient in vitamin By. 
grew faster with dextrin as the sole dietary carbohydrate than 
with sucrose. The incorporation of aureomycin (100 p.p.m.) 
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in these rations stimulated growth, even when the rations were 
fortified with vitamin B,, (25 pg/kg). 

2. The feeding of aureomycin rapidly induced changes in 
the intestinal microflora which were influenced to a marked 
degree by the type of dietary carbohydrate (sucrose or dex- 
trin). The bacteria affected were, primarily, Proteus spp., 
Lactobacillus spp., Clostridium perfringens, enterococci, coli- 
forms and aureomycin-resistant types. 

3. The concentration of ‘‘free’’ vitamin B,. was signifi- 
cantly greater in the intestines of the rats reared on aureo- 
mycin-containing diets than in those of animals fed the con- 
trol ration. Furthermore, a high correlation, most marked 
in those rats fed rations devoid of B,., was noted between the 
growth response and the intestinal concentration of ‘‘free’’ 
By». 

4. The concentration of B,, in the kidney or liver was in- 
creased by fortification of the diet with B,, but not by sup- 
plementation with aureomycin. 
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ONE FIGURE 
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Kruse, Orent and McCollum (’33) and Tufts and Greenberg 
(’38) have adequately demonstrated that magnesium is an 
essential nutrient for the rat. The characteristic manifesta- 
tion of the deficiency is hyper-irritability, which eventually 
progresses to tonic-clonic convulsions, with death occurring 
at an average of 35 days. Almquist (’42) has reported that 
the chick develops a magnesium deficiency more rapidly than 
the rat, and that during the first few weeks of life requires 
approximately 40 mg of magnesium per 100 gm of diet. The 
deficiency in the chick is characterized by poor growth and 
feathering, decreased muscle tone, squatting, palpable tremors, 
progressive incoordination of movement, convulsions and 
death. 

The present study was undertaken as part of a series of 
investigations concerning the requirements and physiological 
functions of metal ions, using ducklings as the experimental 
animal. In view of the rapid growth rate of the duckling, it 
was thought that the nutritional requirements might be higher 
than for the chick and that deficiency states could be pro- 
duced rapidly for experimental investigation of the adapta- 
tion of tissue enzyme and vitamin patterns to alterations in 
the diet. Along with the determination of the activities of 

*Contribution 52 of the McCollum-Pratt Institute. This work was supported 
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enzymes and concentrations of vitamins in tissues of normal 
and magnesium-deficient ducklings, the quantitative require- 
ment for magnesium during the first 16 days post-hatching 
was determined. 


MATERIALS AND METHODS 


Day-old, white Pekin ducklings of mixed sexes were ob- 
tained commercially, and on arrival at the laboratory were 


TABLE 1 


Composition of the basal diet 








CONSTITUENTS VITAMINS PER 100 GM 

%o mg 
Casein 25.0 Thiamine HCl 0.6 
Glucose 58.35 Riboflavin 0.6 
Gelatin 5.0 Calcium pantothenate 2.5 
DL-methionine 0.3 Nicotinic acid 7.0 
Corn oil 4.0 Pyridoxine HCl 7.0 
Salt mixture? 6.0 Folie acid 0.25 
Choline chloride 0.25 Menadione 0.5 
Inositol 0.10 Biotin 0.03 


Vitamins in corn oil? 1.0 Vitamin B,, 0.005 


* The salt mixture was essentially that of Hegsted et al. (’41), with the modifi- 
cation that the MgSO, - 7H,O was omitted. The salt mixture had the following 
combination: CaCO,, 300gm; K,HPO,, 325 gm; CaHPO,-2H,0, 75 gm; NaCl, 
168 gm; Fe(C,H,O,), - 6H,O, 28 gm; KI, 0.8gm; MnSO,- H,O, 4.0gm; ZnCO,, 
0.25 gm; CuSO, - 5H,0, 0.3 gm. 

*The mixture provided 4,0001.U. vitamin A, 8001.U. vitamin D, and 2mg 
alpha-tocopherol per 100 gm of diet. 





placed in electrically-heated brooders. The animals were ran- 
domized into groups of 11 or more and started on the experi- 
mental diets at two days of age. The diets were fed ad libitum 
and distilled water was provided at all times. The percentage 
composition of the basal diet is given in table 1. Varying 
amounts of MgSO,- 7H,O were added to the basal diet to 
alter the level of magnesium from 0 to 120 mg per 100 gm of 
diet. Due to the rapid growth of the birds on adequate levels 
of magnesium and the high mortality on the low levels, the 
experiments were usually terminated after two weeks. 

















MAGNESIUM DEFICIENCY IN THE DUCK 193 


The magnesium content of the basal diet was determined 
gravimetrically by the general procedure of the Association 
of Official Agricultural Chemists (’50) and was found to be 
less than l1mg per 100gm of diet. The desired levels of 
magnesium were obtained, therefore, from the added mag- 
nesium sulfate. In the experiments involving enzyme and 
vitamin assays, one group of birds was fed the basal diet, 
while a second group was maintained on the same diet supple- 
mented with 80mg magnesium per 100 gm. The birds used 
for enzyme assay were decapitated, and the cerebral and 
cerebellar regions of the brain removed and chilled. The 
tissues were homogenized in a Ten Brock glass homogenizer 
with 5 times their weight of either veronal-acetate buffer of 
pH 7.2, phosphate buffer of pH 7.2, or water, depending upon 
the assays to be run. 

Inorganic pyrophosphatase of brain homogenates was esti- 
mated by the procedure described by Gordon (’50) and the 
released phosphate assayed by the method of Sumner (’44). 
The enzyme activities are expressed as micrograms of phos- 
phorus released in 15 minutes per milligram of protein at 
37°C. Diphosphopyridine nucleotidase (DPN’ase) was esti- 
mated, using the cyanide addition reaction of Colowick, Kap- 
lan and Ciotti (’51). The DPN’ase measured is that which 
attacks the nicotinamide-riboside linkage of diphosphopyri- 
dine nucleotide (DPN), and as a result the cyanide addition 
property is lost. In the usual system the incubation mixture 
contained: 0.3 ml of 0.1 M phosphate buffer of pH 7.0, 0.1 ml 
of 5 x 10~-* M DPN, and 0.1 ml of homogenate. Activities are 
expressed as micromoles of DPN split in 7.5 minutes per milli- 
gram of protein at 37°C. 

Alkaline phosphatase was estimated using the method of 
Bessey, Lowry and Brock (’46) in which the breakdown of 
p-nitrophenylphosphate to p-nitrophenol is measured. In the 
test system, 1.0 ml of buffered p-nitrophenylphosphate at pH 
10.5 was incubated with 0.1 ml of tissue homogenate for 30 
minutes at 37°C. The reaction was stopped with 3.0 ml of 
0.06 N NaOH and the optical density at 410 my used to esti- 
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mate p-nitrophenol from a standard curve. All assays in- 
cluded tissue blanks which were subtracted from the enzy- 
matic values. The buffered substrate contained 0.05 M amino- 
acetic acid, 0.005 M MgCl., and 0.2% p-nitrophenylphosphate 
(Sigma). Activities are expressed as micromoles phosphate 
released in 30 minutes per milligram of protein. 

Cytochrome oxidase was estimated by the spectrophoto- 
metric method of Smith and Stotz (’49) in which the rate of 
oxidation of reduced 2,6-dichlorobenzenoneindo-3’-chlorophe- 
nol * is followed. Reaction rates are expressed as the increase 
in log I,/I per minute per milligram of protein. The protein 
content of the homogenates was determined using the biuret 
procedure of Robinson and Hogden (’40). 

For the assays of riboflavin and niacin, animals were sacri- 
ficed by decapitation and the livers removed and homogenized 
in a Waring Blendor. Aliquots were autoclaved in 0.1 N HCl 
to liberate the bound forms of the vitamins. For pantothenic 
acid assays, the livers were removed rapidly, immediately 
plunged into boiling water, and macerated in the blendor. 
Riboflavin was assayed microbiologically, using Lactobacillus 
casei 7469. The media used was that of Barton-Wright (45), 
and the inoculum was prepared according to the A.O.A.C. 
(750) procedure. Niacin was estimated with Lactobacillus 
arabinosus 17-5, using a modified procedure of Barton-Wright 
(44). Pantothenic acid was assayed for both bound and free 
forms. The method of Novelli, Kaplan and Lipmann (’49) 
was employed for the release of the acid from coenzyme A. 
An intestinal phosphatase preparation * was diluted before 
use and its activity substantiated by testing with p-nitro- 
phenylphosphate (Sigma). An acetone powder of pigeon liver 
was prepared and purified of extraneous coenzyme A by 
the procedure of Novelli and Schmetz (’51). The activity of 
the enzymes on coenzyme A‘ was tested in each assay. The 
medium used for assaying was that of Ives et al. (’45) as 

? Eastman, 


* Swift. 
* Pabst. 
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modified by Pearson (unpublished), and the inoculum of 
Lactobacillus arabinosus 17-5 prepared according to the 
method of Skeggs and Wright (’44). 


RESULTS 
Growth 


Ducklings fed the basal diet without added magnesium 
rapidly developed deficiency symptoms. Estimations of food 
intake indicated that the deficient animals reduced their food 
intake within 4 to 6 days. Some ducklings succumbed to the 
deficiency within 4 days, and all of the animals fed the low- 
magnesium diet were dead within 10 to 16 days. Symptoms 
of deficiency were quite similar to those reported by Bird 
(°49) for the chick. The ducklings squatted considerably, 
only arising when excited. In the latter stages of the deficiency 
there was incoordination of movements, convulsive attacks, 
and finally death. The convulsive attacks differed from those 
observed in rats and mice in that they were not provoked by 
various types of auditory stimuli. The addition of 20 mg of 
magnesium protected against the gross symptoms of defi- 
ciency, except that growth was reduced somewhat below that 
obtained at higher magnesium levels. In only one of the 4 
replications did any considerable number of ducklings suc- 
cumb at the level of 20 mg of magnesium per 100 gm of diet. 

The weight responses of the ducklings to various levels of 
magnesium are presented in table 2. Considerable variation 
in growth responses was observed between replicates. It is 
possible ‘that some seasonal variation in the experimental 
animals and laboratory conditions might have been responsible 
for this. Experiments 1 through 4 were performed in June, 
September, November and December, respectively. Near maxi- 
mum responses were obtained at 40mg of magnesium per 
100 gm of diet; however, it appeared that the requirement 
might be slightly higher than this. Hegsted (’48) has sug- 
gested that a satisfactory method of assaying the quantitative 
requirement for a nutrient is first to plot the weight response 
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against the dose, and then to determine the linear portion of 
the curve. A regression line is calculated for the linear por- 
tion, using the response versus the logarithm of the dose. 
The requirement is determined by the intersection of the 
regression line with the maximum response obtained at higher 
doses. This technique was applied to each separate replica- 
tion and the requirement for magnesium estimated for the 
4 series at 50, 46, 46 and 50 mg per 100 gm of diet. A regres- 
sion line for the first series is shown in figure 1, and is typical 
of the regression lines for each of the other three series. 


TABLE 2 


Weight responses of ducklings fed varied levels of magnesium 





. " . " " an 3 
MAGNESIUM tA MEAN WEIGHT AFTER 14 DAYS Om EXPERIMENTAL DIETS See 














LEVEL 1 2 3 4 
mg/100 gm gm gm gm gm 
0 All dead All dead All dead All dead 
20 394 + 34 (11) 243 + 12( 4) 282 + 29 (12) 458 + 10 (12) 
40 545 + 27 (10) 236 + 12 ( 8) 329 + 39 (12) 504+ 8 (12) 
60 314 + 40 (14) 378 + 28 (12) 517 + 17 (11) 
80 594 + 14( 8) 265 + 30 (14) 332 + 47 (12) 518 + 24 (11) 
120 587 + 23 (10) 295 + 41 (12) 358 + 24 (12) 





1Individual weights of ducklings at the start of the experiment varied from 
40 to 60 gm with group means within 5 gm of each other. Values in the table are 
accompanied by standard errors of the means. Numbers in brackets indicate the 
animals remaining at the end of 14 days. The numbers of animals started in each 
group were 11, 14, 12 and 12 for experiments i through 4, respectively. 


The results indicate that the gross effects of a magnesium 
deficiency in the duckling are similar to those of the deficiency 
in the chick, although the requirement for maximum growth 
appears to be approximately 50mg magnesium per 100 gm 
of diet, as compared to 40 mg for the chick. 


Activities of brain enzymes in normal 
and deficient state 


In the early stages of magnesium deficiency the brain showed 
almost normal alkaline phosphatase activity; however, by the 
6th day the alkaline phosphatase activity had decreased to 
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about 70% of control values. To evaluate the effect better, 4 
animals from each group were sacrificed after 6 and 10 days 
on the diets. The control and experimental values presented 
in table 3 indicate decreased brain phosphatase activity dur- 
ing magnesium deficiency. While the physiological significance 
of these findings is not certain, they are of interest in view 
of recent work with phosphatase in which Meyerhof and 
Green (’50) showed that an intestinal phosphatase prepara- 
tion was able to catalyze phosphorylation reactions if the 





WEIGHT IN GRAMS 








j | 
100 25 1.50 175 200 


LOG OF MAGNESIUM LEVEL 
Fig. 1 Regression line for weight response —log of magnesium level relation- 
ship from which quantitative magnesium requirement was estimated. The weights 
after 14 days on the experimental diets and the magnesium level in milligrams 
per 100 gm of diet were used. 





bond energy of the phosphate donor was higher than that of 
the acceptor. Although the specific activities of brain alka- 
line phosphatase were altered in the deficiency state, the moist 
weight of the brain tissue was not affected. The body weights 
of the deficient birds were considerably less than normal. 
After 6 days on the experiment, the mean body weights were 
119 and 70 gm, while after 10 days they were 216 and 77 gm 
for the control and deficient groups, respectively. 

The cytochrome oxidase activities determined during the 
course of the experiment were found not to be affected by 
the magnesium deficiency. The mean activities of normal 
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brain homogenates at 6 and 10 days, respectively, were 1.86 
and 2.02 units per milligram protein. Little difference was 
noted in the inorganic pyrophosphatase activity of the two 
groups of ducklings after various periods on the dietary 
regimen. The mean of the control animals for brain pyro- 
phosphatase activity was 97.3 + 8.9 ug phosphorus released 
per 15 minutes per milligram of protein. 

DPN’ase was followed in these studies, since it has been 
reported to occur in relatively large amounts in brain, this 
organ being exceeded in activity only by spleen and lungs 


TABLE 3 


Effect of magnesium deficiency on DPN’ ase and alkaline phosphatase of duck brain 


MEAN FRESH 

















DAYS ON NO. OF Tae BRAIN WEIGHT 
EXPERIMENT ASSAYS . . —_—_—_—_— — 
Controls Deficient Gentaiie Deficient 
DPN’ase 
uM DPN/mg protein gm 
3 8 0.26+0.04 0.25 + 0.05 16+012 14+ 0.06 
6 8 0.24 + 0.03 0.34 + 0.07 1.6 + 0.11 1.6 + 0.16 
12 4 0.28 + 0.05 0.34 + 0.07 1.8 + 0.03 1.6 + 0.03 
16 4 0.48 + 0.04 0.25 + 0.06 2.4 + 0.06 1.9 + 0.07 
ALKALINE PHOSPHATASE 
uM Phosphate/mg protein 
6 4 0.40 + 0.04 0.29 + 0.02 14+ 0.11 1.5 + 0.03 
+ 0.10 1.6 + 


10 + 0.34 +0.03 0.24 + 0.02 1.6 0.03 








(L. J. Zatman, unpublished work). It has been reported, also, 
that beef spleen DPN’ase, which attacks the nicotinamide- 
riboside linkage, will mediate an exchange between nicotina- 
mide and the nicotinamide of DPN (Zatman et al., °53). 
Whether a similar mechanism is involved in DPN synthesis 
is not known. 

Some difficulty was encountered in quantitatively assaying 
duck brain DPN’ase, since the level of activity in the controls 
appeared to vary with age and the variation among animals 
was rather large (table 3). The DPN’ase activity of the 
magnesium-deficient ducklings appeared somewhat higher 
than that of the controls at 6 and 12 days, but the difference 




















MAGNESIUM DEFICIENCY IN THE DUCK 199 


was not statistically significant at the 5% level. At 16 days, 
however, the deficient birds showed considerably less brain 
DPN’ase than controls, and the difference was significant 
at the 5% level. At three, 6, 12 and 16 days on the experi- 
ment, the mean body weights of the control birds used for 
assay were 97, 146, 293 and 540 gm, respectively, while the 
deficient birds weighed 72, 82, 112 and 121 gm, respectively. 
After 12 days, the moist weights of the brains from the de- 
ficient birds were less than the weights of those of the controls 
by approximately 11%. 


B vitamins in liver 


The data in table 4 indicate that magnesium deficiency did 
not significantly affect the levels of niacin, riboflavin and 


TABLE 4 


Effect of magnesium deficiency on B vitamins in liver 








, NO. OF 
VITAMIN pened CONTROL DEFICIENT 
mg/100 gm'* mg/100 gm ‘ 
Niacin 8 13.9+ 1.4 11.6 + 1.3 
Riboflavin s 2.0 + 0.2 2.6 + 0.9 
Pantothenie acid 
bound 24 2.8 + 0.2 2320.1 
free 24 042+ 0.1 0.7 + 0.1 





* Calculated on the fresh weight basis. 


pantothenic acid in the liver. Since there is considerable 
information available on the amounts of these vitamins in 
the liver and tissues of chickens, it is of interest to compare 
these values with the values reported here for the duckling. 
While the concentrations of B vitamins in liver and tissues 
are influenced by the dietary intake, the niacin values of 13.9 
and 11.6 mg per 100 gm of liver for control and magnesium- 
deficient ducklings, respectively, are well within the range 
reported for the chick liver (Morgan et al., 49; Briggs et al., 
43). The riboflavin values of 2.0 and 2.6mg per 100 gm of 
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liver for control and magnesium-deficient birds are also very 
near the average value of 2.5 mg per 100 gm of chicken liver 
(Watt and Merrill, ’50). 

The pantothenic acid concentration in the liver was chiefly 
in the bound form. The livers of the magnesium-deficient 
ducklings contained 0.7 mg of free pantothenic acid per 100 
gm, and those of the control animals 0.4mg. The respective 
values for the bound pantothenic acid were 2.3 and 2.8mg 
per 100 gm of liver. This is in accord with the observation 
(Novelli et al., °49; Neilands and Strong, °48) that a large 
fraction of the pantothenic acid is bound in coenzyme A. 
Yacowitz, Norris and Heuser (’51), on the other hand, re- 
ported free pantothenic acid values for chicken liver ranging 
from 2.5 to 18.6mg per 100 gm. These levels were observed 
for chicks fed diets containing up to 2mg pantothenic acid 
per 100 gm of diet. The diet fed the ducklings in our studies 
contained 2.5 mg of pantothenic acid per 100 gm. Since chicken 
liver contains the enzyme which splits coenzyme A, it is prob- 
able that the procedure used by Yacowitz et al. (’51) did 
not inactivate the enzyme, and that the values they report 
represent a considerable amount of pantothenic acid present 
in the intact animal in the bound form. The level of total 
pantothenic acid (3.0 mg per 100 gm) in the liver of the duck- 
ling appears to be somewhat lower than the values reported 
for the chick. Chicks fed diets containing levels of pantothenic 
acid comparable to those in the diet fed the ducklings show 
liver pantothenic acid levels of from 4.0 to 5.6 mg per 100 gm 
(Hegsted and Riggs, 49) and 4.1 mg per 100 gm as reported 
by Pearson, Melass and Sherwood (’46), who used the older 
conventional method of liberation of the vitamin. 


DISCUSSION 
While it was demonstrated that the brain homogenates 
from the magnesium-deficient ducklings showed normal in- 
organic pyrophosphatase and decreased alkaline phosphatase 
activity in comparison to those of the controls, it should be 
noted that the enzyme assays were carried out under optimum 
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conditions of pH and magnesium concentration. It is possible 
that in vivo the conditions may not be optimum for the activity 
of the magnesium-requiring enzyme systems, even with nor- 
mal amounts of enzyme present. An approach to the question 
of whether magnesium-activated enzymes still function in 
vivo even in a magnesium deficiency would be to study the 
end-product of a series of biochemical reactions, one step of 
which is mediated through a magnesium-activated enzyme 
system. 

While our work was in progress, Wang (’53) demonstrated 
that magnesium is an activator for a phosphorylation reaction 
in the synthesis of coenzyme A by pigeon and duck liver prepa- 
rations. In the data presented above, however, neither bound 
nor free pantothenic acid was markedly altered in a mag- 
nesium deficiency. Coenzyme A has been shown to occur in 
high concentrations in liver tissue, with the largest fraction 
of liver pantothenic acid bound in this form (Novelli et al., 
’49). 

Several possibilities might explain the almost normal level 
of bound pantothenic acid in the livers of magnesium-deficient 
ducklings: (1) while the dietary magnesium was low, there 
was still sufficient tissue magnesium to activate the enzyme 
or enzymes required for coenzyme A synthesis, (2) in the 
absence of adequate magnesium other metal ions, such as man- 
ganese, take over the function of enzyme activators, and (3) 
the turnover rate of liver coenzyme A is so low that in the 
time interval studied little coenzyme A was destroyed or 
synthesized. The latter does not seem likely, in view of the 
observations of Warner and Kaplan (unpublished) in which 
the liver coenzyme A content of pantothenic acid-deficient 
ducklings was shown to be extremely low. Furthermore, on 
intravenous administration of pantothenic acid, the liver co- 
enzyme A responded almost immediately. Further obser- 
vations on the level of biologically important compounds of 
the same nature in various tissues from magnesium-deficient 
animals would be of interest. 
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SUMMARY 


The magnesium requirement of the duckling for maximum 
rate of growth during the first 16 days post-hatching is met 
when the diet contains 50 mg of magnesium per 100 gm. The 
manifestations of a magnesium deficiency are retarded growth, 
incoordination, convulsive attacks and death. With 20 mg of 
magnesium per 100 gm of diet, the only gross symptom was 
retardation of growth. 

The alkaline phosphatase activity of the brain of ducklings 
with magnesium deficiency was significantly lower than for 
the controls. The diphosphopyridine nucleotidase in the brain 
of birds fed the magnesium-deficient diet was significantly 
lower after 16 days than for the controls. The inorganic 
pyrophosphatase and cytochrome oxidase activities were not 
affected by feeding a diet low in magnesium. 

The niacin, riboflavin and pantothenic acid levels of the 
liver were not affected by feeding a diet deficient in mag- 
nesium. The average liver values expressed per 100 gm of 
fresh tissue were: niacin 12.7 mg, riboflavin 2.6 mg and panto- 
thenic acid 3.1 mg. Of the total pantothenic acid, an average 
of 2.5 mg per 100 gm liver occurred in the bound form, pre- 
sumably as coenzyme A. 
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Possible ‘‘sparing’’ of dietary requirements for various 
nutrients by antibiotics has been the object of many investi- 
gations. Lih and Baumann (’51), and Sauberlich (’52) showed 
that antibiotics exert a ‘‘sparing effect’’ on the dietary re- 
quirements of vitamins of the B complex in the rat. In the 
case of the fat-soluble vitamins, Hartsook et al. (’53) reported 
no sparing of vitamin A by aureomycin in the rat. Catron et 
al. (’52) indicated that aureomycin added to 2 corn-soybean 
oil meal ration for growing-fattening swine at a rate of 10 
mg/lb. of ration appeared to exert a protein ‘‘sparing-like’’ 
effect at the lower protein levels. Scott et al. (’52) indicated 
that when aureomycin was added to a methionine-supple- 
mented soybean oil meal ration for chicks, growth was im- 
proved more at protein levels below the requirement than at 
those in the range of the requirement, but that aureomycin 
did not spare dietary protein during the period of growth. 
Slinger et al. (’52) reported no change in the protein require- 
ment of broilers when antibiotics were added to the diets. 

Arnrich et al. (’52), working with dogs, and Black and Bratz- 
ler (52) and F ioebel and Black (’52) with rats, have indi- 
cated that B,. r antibiotics, or both, increase gains by in- 
creasing the fat content of the carcass; however, in the paper 
of Black and Bratzler (’52), when the effects of the two were 
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separated, the antibiotic (streptomycin) increased carcass fat 
only in the absence of vitamin By». 

The data of Pecora (52) indicate that there may be inter- 
action between lysine and terramycin added to a rice diet, 
since lysine supplementation alone of the rice diet did not 
increase rat growth, while lysine supplementation plus terra- 
mycin increased growth significantly (p <0.01) above that 
of the controls. Jones and Combs (’51) reported that aureo- 
mycin supplementation of a practical type of ration sub- 
optimum in lysine and tryptophan appeared to spare the 
dietary requirement of tryptophan but not of lysine, while 
procaine pencillin G did not spare the requirement for methi- 
onine with a corn-soybean meal ration. Sunde et al. (’51) could 
find no additional growth stimulation of chicks on any com- 
bination of choline, methionine, streptomycin and B,. above 
that provided by a high level of B,, (200 ug/kg of diet), 30 
ug B,. per kilogram of diet plus streptomycin at 500 mg/kg 
of diet, or 0.2% supplementation each with choline and methi- 
onine with a 32% peanut meal basal diet supplemented with 
0.3% lysine. 

The present study was designed to test whether terramycin 
could ‘‘spare’’ the methionine of a diet slightly inadequate 
in this amino acid, and to test whether there is an interaction 
between methionine present in the diet in adequate amounts 
and terramycin, as judged by carcass deposition of nitrogen, 
dry matter and ether extract of weanling rats. 


EXPERIMENTAL 
Weanling, male, Sprague-Dawley rats weighing 38 to 56 
gm and housed in individual screen-bottom cages were ran- 
domly assigned to 4 groups of 10 animals each. Experimental 
diets with compositions as shown in table 1 were fed to the 
respective groups of animals ad libitum. The animals were 
weighed at weekly intervals, and individual weekly food con- 
sumption was determined by weighing back left-over food on 
the same day the animals were weighed. Water was furnished 
ad libitum. 
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After 45 days on experiment the rats were etherized, their 
gastrointestinal tracts were emptied and the carcasses were 
weighed and stored at — 17.8°C. until analyses could be com- 
pleted. Analyses for total nitrogen, ether extract and dry 
matter were run on thoroughly mixed, ground carcass samples 


TABLE 1 
Percentage composition of experimental diets 


DIET NO. 1 2 3 4 
BASAL BASAL + BASAL + BASAL + 
COMPONENT TERRA. METH METH. + 
TERRA. 
Drackett Protein No. 220° 19.9 19.9 19.5 19.5 
DL-Methionine 0.1 0.1 0.5 0.5 
Cerelose 70.1 70.1 70. 70.1 
Corn oil? 5.0 5.0 5.0 5.0 
Salts No. 446* 4.0 4.0 4.0 4.0 
B vitamin mix‘ 0.5 0.5 0.5 0.5 
Choline 25% dry mix 0.4 0.4 0.4 0.4 
Terramyein HCl 50 mg/kg 50 mg/kg 
3y analysis 
Dry matter 92.18 91.77 90.61 92.05 
”» 


Nitrogen 2.59 2.66 2.65 2.70 





*A modified soybean protein obtained from The Drackett Products Company, 


Cincinnati, Ohio. 

7A and D concentrate (D.P.I.) and alpha-tocopherol added to the corn oil so 
that the final diet contained 2,000 I.U. vitamin A, 200 I.U. vitamin D, and 10 mg 
vitamin E per 100 gm. 

* Spector (748). 

‘ The vitamin mix had the following comy osition: Thiamine hydrochloride 500 mg, 
riboflavin 600 mg, pyridoxine hydrochloride 300 mg, Ca pantothenate 3 gm, nico- 
tinie acid 6 gm, folie acid 100 mg, vitamin K 100 mg, vitamin B,, 0.5 mg, biotin 


10 mg, and cerelose to make 500 gm total. 


of each animal. Total nitrogen was determined by the macro- 
Kjeldahl] method using mercury as a catalyst; ether extract 
was determined by a 48-hour extraction of dried samples with 
Skelly-solve F in a Soxhlet apparatus; and dry matter was 
determined as weight retained during 5 hours’ heating at 
105°C. 
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RESULTS AND DISCUSSION 


In order to determine that the experimental animals were 
homogeneous with respect to body weight at the beginning of 
the experiment, an analysis of variance of initial body weights 
(see appendix) was run, which yielded a p value > 0.20, which 


TABLE 2 


Experimental results 


GROUP MEANS 


= Group 1 Group 2 Group 3 Group 4 S.E. OF 
— — weer Basal + THE MEANS 
11 Basal + Basal + : 
Basal terra meth on 
Initial body wt., gm 47.1 48.4 44.1 46.8 + 1.53 
Total body wt. gain, gm 219.1 228.4 228.3 240.6 + 5.6 
Dry matter intake, gm 704.71 731.2 712.5 711.9 + 11.8 
Careass dry matter, gm 98.76 111.33 99.52 107.17 + 3.36 
Careass dry matter gain 
— - — 0.120 0.132 0.121 0.131 + 0.0039 
Dry matter intake 
Careass N, gm 8.59 8.73 8.83 9.35 + 0.162 
Careass N gain 
- 0.363 0.344 0.361 0.381 + 0.0066 
N intake 
Careass ether extract, gm 36.62 49.85 38.31 40.24 + 275 
10 (Careass E, ext. gain) 
a 0.441 0.601 0.464 0.489 + 0.032 


(Dry matter intake) 


* Number of rats in each group equals 10. 


indicates there was no statistical difference between initial 
body weight group means. 

Table 2 shows group means and the standard error of 
the means for the various values determined or calculated. 
Column 1 of the table contains the various items tested: total 
body weight gain = ‘‘empty’’ carcass weight — initial body 


weight; dry matter intake = total food consumption for the 


45-day experimental period < dry matter content of the par- 
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ticular experimental diet; carcass dry matter — ‘‘empty”’ 
carcass weight X percentage of carcass dry matter; carcass 
dry matter gain/dry matter intake = (careass dry matter 
— initial dry matter) /dry matter intake; carcass N = ‘‘emp- 
ty’’ careass weight < percentage of carcass nitrogen as de- 
termined by macro-Kjeldahl analyses; carcass N gain/N 








intake — (carcass N — initial N)/N intake; carcass ether 
extract = ‘‘empty’’ carcass weight X per cent of material 


extracted by Skelly-solve F in 48 hours; and (carcass ether 
extract gain/dry matter intake) K 10 = 10 X (earcass ether 
extract — initial ether extract)/ dry matter intake. In order 
to arrive at initial N, the initial weight of each rat was multi- 
plied by a factor of 2.999%, which is the mean value for many 
weanling rats routinely analyzed in this laboratory. Values 
for initial ether extract and initial dry matter were obtained 
by multiplying initial body weights by factors of 11.5% and 
30.4%, respectively, as given by Donaldson (’24) for rats of 
this size. Columns 2, 3, 4 and 5 show mean values obtained 
for groups 1, 2, 3 and 4, respectively. Column 6 shows the 
standard errors of the means. 

Analyses of variance for the various items tested (see 
appendix) were run. The factorial design is uniquely efficient 
in that it allows estimation of effects and interactions, and a 
pooled error variance. Orthogonality makes it convenient for 
the statistician to analyze in terms of ‘‘main effects’’ and 
interactions the observations obtained through a factorial 
experiment. Biologically speaking, a mean ‘‘simple effect’’ 
and a mean interaction, as defined in footnotes to table 3, 
have ‘‘reality’’ in that they represent simple differences with 
respect to the control group mean and can be estimated by 
addition of treatment means. But, a mean main effect is a 
complex value obtained by addition and division of treatment 
means. Taking the simple case of a 2 < 2 factorial design, a 
main effect is composed of two parts heterogeneous in nature: 
one part is the corresponding simple effect, the other part is 
one-half of the interaction. For statistical convenience, one- 
half of the interaction is attributed to each factor, but an 
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interaction, like a simple effect, is an all-or-none phenomenon, 
so to speak. A main effect is thus a statistically convenient 
convention with no direct physical counterpart. The greater 
the size of the interaction relative to the size of a simple 
effect, the more closely the corresponding main effect ap- 
proaches one-half of the interaction. A 2 X 2 factorial ex- 
periment was run in order to estimate for each of 8 items 
two simple effects and the interaction. For statistical con- 
venience the analysis of variance was done in terms of main 
effects and interaction, and the pooled error variance was 
used to test the significance of the simple effects as well as 
of the interaction. 

Mean simple effects and interactions are shown in table 3. 
The items in column 1 are defined in the same way as those 
in column 1 of table 2. Column 2 shows mean values obtained 
for group 1, the control group (no supplementation of the 
basal). Column 3 shows numerical differences between group 
means for groups 3 and 1 with p values enclosed in parenthe- 
ses. Column 4 shows numerical differences between group 
means for groups 2 and 1 with p values enclosed in parenthe- 
ses. Column 5 shows values for the expression: (mean of 
group 4+ mean of group 1) — (mean of group 2 + mean of 
group 3). Thus it can be seen that columns 3 and 4 evaluate 
the mean simple effects of added methionine and of terra- 
mycin, respectively, on the basal diet in regard to the criteria 
being evaluated, and column 5 evaluates the mean interaction 
of added methionine and of terramycin with the basal diet. 

The protein source’ utilized contains 1.% and 0.6% of 
methionine and cystine, respectively, as determined by rou- 
tine microbiological assay, so that diets 1 and 2 contained 
0.30% methionine and 0.12% cystine or 0.42% methionine 
plus cystine. These amounts appear to be somewhat less than 


* The amino acid content of Drackett protein 220 as determined by the Wisconsin 
Alumni Research Foundation: 


AMINO ACID % AMINO ACID % AMINO ACID % 
Arginine 8.3 Lysine 6.9 Tryptophan 1.0 
Histidine 2.7 Methionine 1.0 Valine 5.4 
Isoleucine 6.6 Phenylalanine 5.0 Cystine 0.6 
Leucine 7.5 Threonine 3.9 
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the amounts recommended by Wretlind and Rose (’50) for 
optimum growth in the rat. Diets 3 and 4, on the other hand, 
contained 0.69% methionine and 0.12% cystine or 0.81% of 
methionine plus cystine —an amount well within the range 
necessary for optimum growth. It is to be noted in column 3 
of table 3 that in no case did increasing the methionine-plus- 
cystine content of the experimental diet from 0.42% to 0.81% 
make a significant change in any of the criteria tested. This 
would indicate that the lower level of these amino acids which 
was supplied approached adequacy for optimum rat growth 
under the conditions of this experiment. 

Terramycin, as can be seen from column 4 of table 3, pro- 
duced a body weight gain, which, however, was not significant, 
and an increase in dry matter intake which approached sig- 
nificance. This increase in dry matter intake, though not 
sufficient to be significant, was evidently contributory to a 
significant increase in carcass dry matter. Terramycin did not 
significantly increase carcass nitrogen deposition. As can be 
seen, the ratio (carcass N gain/N intake), which is a measure 
of the efficiency of utilization of dietary nitrogen, was de- 
creased by an amount which closely approached significance. 
The carcass ether extract increase under the influence of 
terramycin was highly significant, as was also the increase 
in the ratio: (carcass ether extract gain/dry matter intake) 
< 10. These two values indicate clearly that terramycin in- 
creased the efficiency of utilization of dry matter intake for 
the deposition of carcass ether extract, when the dietary 
methionine + cystine bordered on the suboptimum. 

From column 5 of table 3 it will be seen that the interaction 
of additional methionine with terramycin did not significantly 
alter total body weight gain, dry matter intake, carcass dry 
matter, the ratio (carcass dry matter gain/dry matter intake), 
or carcass N, although the latter was increased by an amount 
that approached significance. The increase of the ratio (car- 
“ass N gain/N intake) was highly significant, which indicates 
that terramycin did in some way interact with methionine 
added to a basal ration bordering on inadequacy in this amino 
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acid. The mechanism of this interaction remains obscure. 
Carcass ether extract was decreased by a significant amount 
by the methionine-terramycin interaction, as was also the 
ratio: (carcass ether extract gain/dry matter intake) X 10. 
This makes it clear, then, that although total carcass N deposi- 
tion was not increased (dry matter intake, and therefore N 
intake, was decreased by an amount approaching significance), 
the increased carcass N deposition per unit of N intake was 
highly significant, which indicates that the interaction in- 
creased utilization of the additional methionine for additional 
tissue protein syntheses. 

Thus it seems that when terramycin was fed with a diet 
bordering on a suboptimum content of methionine, protein 
synthesis as evaluated by carcass N deposition was not in- 
creased, but instead the efficiency of utilization of dietary N 
was reduced and the carcass dry matter increase was com- 
posed mainly of ether extract. When terramycin was fed 
with a diet adequate in methionine, the added methionine was 
more efficiently used to promote tissue protein synthesis, and 
fat deposition was reduced. The reason for the increased pro- 
tein synthesis is not at present apparent, since the data ob- 
tained in this experiment show only that the interaction of 
additional methionine and terramycin resulted in more effi- 
cient utilization of the dietary nitrogen, but did not differ- 
entiate as to the degree to which one substance enhanced the 
other. In this connection it is noted that Biely et al. (52) 
reported a significant increase in three-week chick growth 
when 15 mg of procaine penicillin/Ib. of feed were added to 
a lysine-deficient basal diet supplemented with 0.5% t-lysine 
- HCl, an increase above that obtained when the 0.5% L-ly- 
sine - HC] supplemented, lysine-deficient basal diet was fed. 
Beeson (’52) suggested that part of the extra weight secured 
by antobiotic feeding of swine might be due to greater deposi- 
tions of fat. Catron et al. (52), on the other hand, reported 
no significant differences between antibiotic or no antibiotic 
treatments at the levels of protein fed, in respect to back 
fat depth, length or depth of body, or per cent of lean. The 
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with 





present experiment tends to explain the discrepancy 
methionine and cystine at levels bordering on the inadequate, 
antibiotics increased gains, such gains being largely fat. When 
adequate or excess methionine and cystine were present, the 
efficiency of dietary nitrogen utilization was increased and 
carcass fat deposition did not increase as fast as with the 
diet bordering on inadequacy with respect to these amino 
acids. Similar relationships for other essential amino acids 
are suggested by the data of Pecora (’52) and Jones and 
Combs (’51), but remain to be confirmed. 


SUMMARY 

1. Four groups of 10 weanling, male, albino rats each were 
fed the following diets ad libitum for 45 days: group 1, the 
basal diet (approximately 19.9% protein, 0.30% methionine, 
and 0.12% cystine); group 2, the basal diet + terramycin; 
group 3, the basal diet + 0.4% methionine; and group 4, the 
basal diet + terramycin + 0.4% methionine. 

2. No statistically significant effect of methionine supple- 
mentation alone of the basal diet was observed. 

3. Terramycin supplementation alone of the basal diet: 
(a) inereased carcass dry matter significantly (12.7%, p< 
0.02), increased significantly the efficiency of dry matter utili- 
zation for carcass dry matter deposition (10.0%, p < 0.05), 
and increased dry matter intake almost significantly (3.8%, 
p > 0.1); (b) inereased eareass N deposition non-significantly 
(1.6%, p > 0.5) and decreased the efficiency of N utilization 
almost significantly (5.2%, p = 0.064); (¢c) increased carcass 
ether extract significantly (36.1%, p< 0.01) and increased 
significantly the efficiency of dry matter utilization for ether 
extract deposition (36.2%, p< 0.01). Therefore, one may 
conclude that terramycin alone increased carcass dry matter 
gains, mainly by enhancing fat deposition. 

4. The terramycin-methionine interaction: (a) increased 
eareass N deposition non-significantly (4.5%, p> 0.2) and 
increased the efficiency of N utilization significantly (10.7%, 
p < 0.01); (b) significantly decreased carcass ether extract 
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deposition (30.8%, p < 0.05) and significantly decreased the 
efficiency of utilization of dry matter for carcass ether extract 
deposition (30.6%, p < 0.05). Thus one may infer that the 
terramycin-methionine interaction enhanced the efficiency of 
utilization of dietary N and depressed fat gains. 

5 Speculations as to the mode of action of antibiotics have 
been advanced. 
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APPENDIX 


Analyses of variance 
1. Initial body weight, grams 


D. f. 8. 8. mM. 8. 8. F Pp 
Treatments 3 97.8 32.6 1.40 > 0.2 
Error 36 835.8 23.22 
Total 39 933.6 


2. Total body weight gain, grams 


D. f. 8. 8. m. 8. 8. F 
Methionine 1 1,144.9 3.65 
Terramycin 1 1,166.4 3.72 
MT interaction 1 22.5 


Error 36 11,299.8 313.88 
Total 39 13,633.6 














Methionine 
Terramycin 
MT interaction 
Error 
Total 


Methionine 
Terramycin 
MT interaction 
Error 
Total 


Methionine 
Terramycin 
MT interaction 
Error 
Total 


Methionine 
Terramycin 
MT interaction 
Error 
Total 


Methionine 
Terramycin 
MT interaction 
Error 
Total 


Methionine 


Terramycin 
MT interaction 
Error 
Total 


3. 
D. f. 
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Dry matter intake, grams 
8. 8. m. 8. 8. 
334.0 
1,684.3 
1,830.9 
49,896.1 
53,745.3 


1,386.0 


Carcass dry matter, grams 
8. 8. m. 8. 8. 
28.7 
1,021.6 
60.6 
4,073.1 113.1 
5,184.0 


Carcass dry matter gain/dry matter intake 


D. f. 
1 
1 
1 
36 


39 


oe a ae 


36 
39 


oa 
fe 


D. f. 


ee 


36 
39 


8. 
D. f. 
] 

1 
1 
36 
39 


8. 8. m. 8. 8. 
0.0000004 
0.0011880 
0.0000121 
0.0043795 
0.0055800 


0.0001217 


6. Carcass N, grams 


8. 8. m., 8. 8. 
1.83 
1.08 
0.37 
9.45 0.2625 
12.73 
Carcass N gain/N intake 
8s. 8. m, 8. 8. 
0.00294 
0.000002 
0.00402 
0.01544 0.00043 


0.0224 


Carcass ether extract, grams 
8. 8. m. 8. 8. 
156.6 
574.1 
319.4 
2,714.1 75.39 
3,764.2 


1 99 


a 


1.32 


F 


9.03 * 


6.97 ? 
4.11? 
1.41 


6.84 ? 


9.35? 


2.08 
7.61? 
4.24? 
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10 (Carcass ether extract gain/dry matter intake) 
8. &. ni. 3.3 
Methionine 0.0200 
Terramycin 0.0852 
MT interaction 0.0456 
Error 36 0.3789 
Total 3s 0.5297 


* Significant at the 0.01 level. 
* Significant at the 0.05 level. 
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Deficiencies of thiamine and often more correctly of the 
vitamin B complex have been reported to produce enlarge- 
ment of certain vital organs such as adrenals, heart and kid- 
neys in man and animals (McCarrison, 719; Aalsmeer and 
Wenckebach, ’29). Dunn et al. (’47) observed higher organ: 
body weight ratios for the heart and brain of thiamine- 
deficient mice, although actual enlargement of the organs 
was not found. Skelton (’50) reported enlargement of the 
adrenals, kidneys and heart of acute thiamine-deficient rats as 
interpreted from the organ: body weight ratios, and similarly 
Pecora (’52) noted enlargement of the adrenals and kidneys in 
chronically thiamine-deficient rats. 

The experiments reported below were made to determine 
whether chronic thiamine deficiency or chronic undernutrition 
alone or together were responsible for the changes in organ 
size. It was also of interest to note whether organ weight loss 
was proportional to body weight loss, as occurs in starvation 
or chronic undernutrition, or whether the lack of thiamine su- 
perimposes other factors. It was of further interest to know 

1 Present address: Clinical Section, Occupational Health Field Headquarters, 
Public Health Service, Department of Health, Education and Welfare, Cincinnati, 
Ohio. 
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whether the interpretations should be based on the organ: 
body weight ratio or on the actual weight of the organ plus 
histologic observations. 


METHODS 


Weanling male litter-mate albino rats of the Sprague-Daw- 
ley (National Institutes of Health colony) strain, about 24 
days old, average weight 47 gm, were distributed into experi- 


TABLE 1 


Composition of diets used 





VITAMIN POWDER 





sisr 3398 (EACH GRAM SUPPLIED) 

‘gm ae " mg 

Casein (vitamin-free) 18 Thiamine 0.0 
Sucrose 72 Riboflavin 0.3 
Cottonseed oil 3 Pyridoxine HCl 0.25 
Cod liver oil 2 Nicotinic acid 2.0 
Salt mixture (Osborne and Calcium pantothenate 2.0 
Mendel)* 4 Choline Cl 100.0 
Vitamin powder 1 Inositol 10.0 
Diet 2293 = diet 2292 plus Menadione (vit. K) 0.1 
200 wg thiamine HC1/100 gm Biotin 0.01 
Folie acid 0.1 


Alpha-toecopherol (3 mg) was given by supplement dish once a week. Vitamins 
A and D were supplied by the cod liver oil, each gram of which supplied at least 
850 and 85 U.S.P. XI units of vitamins A and D, respectively. 


* J. Biol. Chem., 32: 369, 1917. 


mental groups. They were housed individually in elevated 
wide-meshed, wire-bottom galvanized iron cages and were fed 
the experimental diets and water ad libitum. All animals were 
kept on a commercial stock diet ? for two weeks, after which 
they were transferred to the experimental diets. Control and 
pair-fed groups were given an adequate purified diet (2293), 
and the experimental animals were fed a thiamine-free, other- 
wise adequate, purified diet (2292). The composition of these 
diets is given in table 1. 


?Purina Dog Chow. 
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Rats on the thiamine-free diet (2292) received 7 yg of thia- 
mine hydrochloride in 1 ml of water three times weekly by 
supplement dish. On the 63rd day of the experiment the thia- 
mine was withdrawn. This procedure was used in order to 
produce a severe chronic thiamine deficiency (Pecora et al., 
D0). Seven to 10 days later the animals were sacrificed by 
allowing them to die under ether anesthesia. The different 
organs were removed as quickly as possible, rapidly weighed 
on a Roller-Smith balance and placed in a fixing solution. 
The heart, liver, spleen, kidneys, testes, adrenals and brain 
were fixed in a 10% buffered aqueous solution of formalin, 
and the cervical cord and pituitary were fixed in an aqueous 
solution composed of 9 parts saturated mercuric chloride and 
one part formalin and buffered with 0.15% sodium acetate. 
After fixation, tissue blocks were embedded in paraffin and 
routine sections were stained as described by Lillie (’48) with 
hematoxylin azure eosinate. Certain sections were also stained 
with Masson’s trichrome stain. Sections of the liver, spleen 
and kidney were stained for hemosiderin and of the cord for 
myelin. Frozen sections of the heart, liver, kidney and adre- 
nal of some animals were stained for fat with oil red O. 


RESULTS AND DISCUSSION 


The growth curves of the rats used in this experiment closely 
resemble those reported previously (Pecora et al., 50). Es- 
sentially, the animals to be made chronically thiamine-defi- 
cient grew normally for about 4 weeks, at which time they 
reached a peak of about 140 gm, then gradually lost weight 
in the next 6 or 7 weeks, ending at about 85 gm, with a weight 
loss of about 40% of the maximum body weight. A number 
of rats from each group were sacrificed at about 57 days of 
age, when they had reached their maximum weight, and the 
rest were killed at about 100 days of age. Some normal rats 
were sacrificed at 33 days of age, when their weight was about 
85 gm, to serve as weight controls. 
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Organ: body weight ratios and organ weights 
prior to onset of thiamine deficiency 


Data on organ: body weight ratios and organ weights were 
obtained on some animals when their maximum body weight 
was attained at about 57 days of age, in order to observe the 
relationships that existed at the cessation of growth and be- 
fore the loss of body weight began. 

The organ: body weight ratios and the organ weights were 
about the same for all three groups, except for the liver and 
spleen of the thiamine-deficient and pair-fed groups (table 2, 
part 1). The liver and spleen weights and ratios of the latter 
groups were considerably smaller than those of the control 
group. 

Organ weights and organ: body weight ratios of a group of 
normal rats fed a stock diet were determined when their body 
weight approximated the terminal average weight of the thia- 
mine-deficient group. The average age of this group was 33 
days, and it was included only for body weight comparisons 
since there was so much difference in age. The organ: body 
weight ratios and organ weights for the brain, kidneys and 
heart of this group were similar to those of the thiamine- 
deficient groups (table 2, part 2). The 33-day-old group had 
larger organ: body weight ratios and organ weights for the 
liver and spleen, and smaller values for the pituitary, testes 
and adrenals. 


Terminal organ: body weight ratios and organ 
weights of chronically thiamine- 
deficient rats 


Organ: body weight ratios of the several organs observed 
were calculated from values obtained from the chronically 
thiamine-deficient rats and their controls at about 100 days 
of age. The chronically thiamine-deficient animals had the 
typical symptoms associated with this disease. The ratios for 
the heart, kidneys, adrenals, testes, pituitary and brain of 
both the thiamine-deficient and pair-fed groups were greater 
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than those of the controls (table 2, part 2). The values for 
both the thiamine-deficient and pair-fed groups, except for 
the kidneys, were similar, indicating that the changes in or- 
gan size were not due to thiamine deficiency, per se, but to 
food restriction. The kidney: body weight ratio of the thia- 
mine-deficient group was considerably greater than that of 
the pair-fed group and almost twice as large as the control 
value, indicating that thiamine deficiency plus the concomitant 
reduced food intake, and not food restriction alone, was re- 
sponsible for the increase of this ratio. Both the liver: body 
weight and spleen: body weight ratios of the thiamine- 
deficient and pair-fed groups were similar, while at the same 
time they were smaller than the control values, again indi- 
cating that the differences were due to food restriction and 
not to thiamine deficiency. 

The absolute weights of all the organs observed, except for 
the kidneys of both the thiamine-deficient and pair-fed 100- 
day-old groups, were reduced in weight in the following or- 
der according to increasing weight loss: brain, adrenals, tes- 
tes, pituitary, heart, liver and spleen. Both thiamine-deficient 
and pair-fed groups showed about the same magnitude of 
organ weight loss. The kidneys of the thiamine-deficient 
group showed less weight loss than those of the pair-fed 
group, suggesting that there was either enlargement due to 
thiamine deficiency plus food restriction, or else that this 
group was more resistant to weight loss due to food restric- 
tion alone. The weight loss of all the organs observed was not 
at all proportional to the body weight loss, as is generally 
the case during starvation or chronic undernutrition (Jack- 
son, ’25). 

The organ: body weight ratios for the pituitary, testes and 
heart of the thiamine-deficient groups of both ages (57 and 
100 days old) showed little or no change in value, and the ra- 
tios for the brain, adrenals and kidneys of the older thiamine- 
deficient group increased by at least 60%. The liver and spleen 
values of the older thiamine-deficient group were greatly re- 
duced. It must be borne in mind that the data for the younger 
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group (57 days old) were obtained from litter mates of the 
older animals just before signs of thiamine deficiency occurred. 
Comparison of the absolute organ weights of these two groups 
showed that the brain and adrenals were approximately the 
same ; the kidneys, heart and pituitary of the older group were 
considerably smaller, while the liver, spleen and testes of the 
older group were markedly decreased in weight. 


Comparison of the actual organ weights of control 
and thiamine-deficient animals 


Comparison of the actual organ weights of animals at about 
57 days of age, at their maximum weight, with those of their 
litter mates at about 100 days of age, when they were severely 
thiamine-deficient, appears to be the better method for inter- 
pretation. The brain and adrenal weights were the same, the 
kidney weight of the older group was slightly smaller, the 
heart, testes and pituitary weights were considerably smaller, 
and the liver and spleen weights were markedly reduced. It 
is observed in this way that the brain and adrenals are not 
affected by chronic thiamine deficiency, and that the rest of 
the organs observed lose weight in varying amounts and not 
in an amount proportional to the body weight loss, as occurs 
during starvation or chronic undernutrition. Histologic ob- 
servation also supports this method of comparison, since al- 
most all the organs showed a reduction in size grossly as well 
as a reduction in the size of the parenchymal cells microscopi- 
eally. 

Histology 


Striking histopathologic changes were found only in the 100- 
day-old rats fed the deficient diets for 70 to 83 days. About 
a fourth of such rats fed the thiamine-deficient diet showed 
lesions of variable severity in the auricles of the heart. The 
lesions were essentially similar to those reported in thiamine- 
deficient rats by Ashburn and Lowry (’44). The testicles of 
the thiamine-deficient rats often showed marked degenerative 
changes in the seminiferous tubules, with complete or nearly 
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complete absence of spermatozoa. The changes were essen- 
tially similar to those reported as being due to inanition by 
Siperstein (’21). The epididymis, examined in only a few 
instances, showed absence of spermatozoa or occasionally a 
few cells resembling abnormal spermatocytes. The pair-fed 
animals generally showed less marked changes, with some 
atrophy of the seminiferous tubules but usually no other defi- 
nite degenerative changes. Small groups of extravasated red 
blood cells were noted at times in the cervical cord and brain 
stem of the thiamine-deficient animals but there were no other 
degenerative changes apparent, and similar extravasations 
were seen occasionally in pair-fed and control rats. 

Marked atrophy of the kidney with narrowing of the renal 
cortex was noted in both 100-day-old thiamine-deficient and 
pair-fed groups, but tended to be more marked in the pair-fed 
rats. The reduction in size involved all elements, the tubules 
somewhat more than the glomeruli. 

Certain changes, varying considerably in degree in differ- 
ent animals, were found in both thiamine-deficient and pair- 
fed animals maintained on the diets for over 70 days, indi- 
cating that such changes were largely due to starvation. The 
spleen in both groups showed extreme atrophy with marked 
depletion of lymphocytes, marked decrease in diameter of 
the Malpighian corpuscles, marked reduction in numbers, or 
absence, of hematopoietic cells and megakaryocytes, a rela- 
tive increase in fibrous tissue and a marked hemosiderosis. 
Hemosiderin deposits were also seen in the Kupffer’s cells 
and occasionally in the liver cells and in the epithelial cells 
of the renal convoluted tubules. The liver of the deficient 
animals, particularly those deficient in thiamine, often showed 
depletion of glycogen. The bone marrow showed an apparent 
reduction in hematopoietic activity with decrease in cellular- 
ity and a relative increase in vascular tissue. The pituitary 
in hoth thiamine-deficient and pair-fed animals showed a 
marked reduction in acidophiles; the adrenal cortex often 
showed a marked depletion of lipoid, chiefly in the inner 
zone. 
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The increase in organ: body weight ratios of the heart and 
kidney in the thiamine-deficient and pair-fed animals may be 
explained perhaps in part in the following manner. Walter 
and Addis (’39) have found evidence that change in the weight 
of the heart and kidney is determined mainly by change in 
the amount of work done by these organs. With continued 
starvation and concomitant loss in body weight, the burden 
on the heart and kidney may be reduced, permitting loss in 
weight of these organs. The functional demands on the heart, 
however, are closely correlated to the rate of metabolism 
(Sodeman, ’50), and urea clearance values, used in measur- 
ing renal function, are in proportion to surface area (Best and 
Taylor, 43). Since the metabolic rate and surface area of an 
animal diminish proportionally less than its body weight, the 
functional burden of the heart and kidney, and consequently 
the weights of these organs, will diminish proportionally less 
than the body weight. The mean weight of the kidneys in the 
thiamine-deficient rats was greater than in the pair-fed, sug- 
gesting greater renal functional demands in the former. Per- 
haps, since the kidneys are concerned with maintaining ionic 
equilibrium, this increase in size is related to the increase in 
sodium and decrease in potassium noted previously (Pecora, 
52) in the tissues of thiamine-deficient but not of pair-fed 
animals. 

The decreased hematopoiesis noted in the marrow and spleen 
of rats on the deficient diets may reflect a greatly diminished 
demand for new circulating blood cells; this is due to the 
diminished volume of blood in the starving animals losing 
weight, in contrast to the increased blood volume and demand 
for circulating blood cells in the rapidly growing animals fed 
the stock diet ad libitum. It is possible that the increased 
hematopoietic demand of the growing animals prevented the 
heavy deposits of hemosiderin noted in the starving animals. 
The loss in body weight and the reduction in acidophiles in 
the pituitaries of the pair-fed and thiamine-deficient animals 
are consistent with the hypothesis that these cells are con- 
cerned with the secretion of growth hormone and that its 
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production is reduced in such rats. The incidence of cardiac le- 
sions in our thiamine-deficient rats was much lower than in the 
animals reported on by Ashburn and Lowry (’44). This may 
be due to the fact that the latter investigators administered 
thiamine to rats becoming acutely ill, thereby permitting many 
of them to have repeated episodes of acute thiamine deficiency. 
The occurrence of extravasated red blood cells in the cervical 
cord and brain stem was similar to the findings reported by 
Prickett (°34) in thiamine-deficient rats, and by Dunn et al. 
(°47) in thiamine-deficient mice. However, because of the ab- 
sence of degenerative changes in the surrounding parenchyma, 
and because the brain was removed for weighing before fixa- 
tion, the possibility cannot be excluded that such extravasa- 
tions, at least in some instances, occurred post mortem. 


SUMMARY 


The organ: body weight ratios of the heart, kidneys, adre- 
nals, testes, pituitary, liver, spleen and brain were determined 
for thiamine-deficient, pair-fed and control rats at about 57 
and 100 days of age. Values for both the thiamine-deficient 
and the pair-fed groups were the same except for the kidneys, 
indicating that changes in organ size were not due to the ef- 
fect of thiamine deficiency but to food restriction. The value 
for the kidney: body weight ratio was considerably greater 
for the thiamine-deficient group than for the pair-fed, due to 
the effect of thiamine deficiency superimposed on food restric- 
tion. The absolute organ weights of the thiamine-deficient and 
pair-fed rats showed equal weight loss, except for the kidneys 
of the thiamine-deficient group, which showed little weight loss. 

It is concluded that the best comparison is that of the abso- 
lute organ weight of the 100-day-old thiamine-deficient rat 
with that of the 57-day-old control. This comparison showed 
that the brain and adrenal weights were about the same; the 
kidneys, heart, pituitary and spleen weights of the 100-day-old 
thiamine-deficient group were smaller ; and the liver and spleen 
weights were markedly smaller than those of the 57-day-old 
controls; and that the loss in weight is not proportional to 
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the body weight loss. Under the conditions of our experiment, 
thiamine deficiency does not produce enlargement of the sev- 
eral vital organs observed. 

Only a small number of rats on the thiamine-deficient diet 
developed characteristic lesions in the auricular myocardium. 
Both the thiamine-deficient and pair-fed rats showed marked 
depletion of lymphocytes in the spleen, diminished hemato- 
poietic activity in the bone marrow and spleen, moderate to 
marked hemosiderin deposition in the liver and spleen, and 
atrophy of various organs, due principally to reduction in size 
of the parenchymal cells. 
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TWO FIGURES 
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This is a report of a study to determine the variation in 
daily fasting serum riboflavin, as well as in urinary riboflavin 
and creatinine, of women on a controlled diet. Studies on ribo- 
flavin in the serum of normal subjects and of subjects with 
coronary heart disease, hypertension or diabetes mellitus have 
been reported by Suvarnakich, Mann and Stare (’52), but 
their normal subjects were not restricted as to diet nor were 
the blood samples drawn under fasting conditions. 


EXPERIMENTAL 


An investigation of riboflavin metabolism was made paral- 
lel with an investigation of thiamine metabolism in women 
(Louhi et al., 52; Dubé et al., 52). Six graduate students and 
one staff member, ranging in age from 24 to 44 years, served 
as subjects ‘* in the investigations, which were conducted dur- 


Approved for publication as Technical Paper 769 by the Director of the 
Oregon Agricultural Experiment Station. Contribution of the Experiment Sta- 
tion Department of Home Economies and the Department of Foods and Nutri 
tion, School of Home Economies, Oregon State College. 

* Present address: Department of Pharmacology, Washington University School 
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* Present address: Athens, Georgia. 

*MLW, KD, SWW and HHY are Orientals who had recently come to this 
country, and HAL had recently arrived from Finland, her native country. 
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ing a period of 34 days in 1950 and of 30 days in 1951. One 
woman (MLW) served as a subject during both studies. 
The subjects received a controlled diet based on the diet of 
Gifft and Hauck (’46) which provided a daily intake of ap- 
proximately 2,000 Cal., 280 gm of carbohydrate, 80 gm of fat 
and 70 gm of protein.’ Analysis of representative samples of 
food showed that the diet provided daily intakes of approxi- 
mately 600 pg of thiamine (300 yg per 1,000 Cal.) and 1.2 mg 
of riboflavin. During the first 19 days of the 1950 study and 
the first 15 days of the 1951 study (period 1), the subjects 
received a daily supplement of 400 yg of thiamine,* making 
an intake of 500 ug of thiamine per 1,000 Cal. During'the last 
15 days of each study (period 2) the only thiamine received 
was that in the diet. The diet met the recommended allowances 
of the National Research Council in all other known nutrients. 
The quantity of each food consumed each day was constant. 
Daily determinations were made during each study of 24- 
hour urinary excretions of riboflavin by the method of Burch, 
Bessey and Lowry (’48), and of creatinine * by the method of 
Folin as deseribed by Hawk, Oser and Summerson (’47). 
Fasting serum concentrations of total riboflavin and free 
riboflavin were determined daily by the method of Burch, 
Bessey and Lowry (’48). The free riboflavin values include 
any flavin mononucleotide (FMN) which was present in the 
serum. The difference between the values for total riboflavin 
and free riboflavin gives a measure of the flavin adenine di- 
nucleotide (FAD). Blood samples were obtained by finger 
puncture, and the analyses were carried out in the dark. De- 
terminations of serum riboflavin were initiated as soon as the 
serum was obtained; thus the free riboflavin analyses were 
completed the day the blood was collected and the serum total 
riboflavin analyses were completed the following day. 
*“*Composition of Foods, Raw, Processed, Prepared’’ by the Bureau of Human 
Nutrition and Home Economics, Agriculture Research Administration. Agricul- 


ture Handbook 8, 1950. 
* Thiamine was obtained through the courtesy of Merck and Company, Rahway, 


New Jersey. 
* Creatinine determinations were made by Betty Hawthorne. 
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The reliability of the analytical method was determined, as 
well as the stability of the riboflavin in serum samples which 
were protected from light and stored in a deep-freeze, through 
the use of a ‘‘control serum’’ which was prepared from the 
blood of one subject (CAS) and divided into about 70 ali- 
quots. Each day of the 1951 study two of these aliquots were 
analyzed, parallel to the samples of the day, for free and to- 
tal riboflavin. The mean total riboflavin value of this serum 
sample was 3.58 and the standard deviation 0.18 yg per 100 ml. 
The mean value for free riboflavin was 2.55 with a standard 
deviation of 0.15 yg per 100 ml. 


RESULTS 


The results of the daily determinations of serum riboflavin, 
both total and free, and of urinary riboflavin are shown in 
figure 1. Failure of the Farrand fluorometer caused the loss 
of values for the first 4 days in the 1950 study, so that only 
the remaining 30 days of the study are shown. It can be seen 
in the 1951 study results that there was a continuous decrease 
in the riboflavin excretion until about the 20th experimental 
day, suggesting that the food intake, which had been unre- 
stricted before the experiment, had supplied more riboflavin 
than was provided by the experimental diet. SWW, in the 
1950 study, exhibited consistently higher values than the other 
subjects for serum riboflavin, both total and free, but her uri- 
nary excretion of riboflavin was similar to that of the other 
subjects. 

It can also be seen in figure 1 that RBD showed some peaks 
in urinary excretion of riboflavin. The peaks followed mi- 
graine headaches which were accompanied by nausea and, in 
two of the instances, by vomiting. Similar observations were 
made by Holt (’50) on children and by Keys (750) on adults. 

The average of 208 total riboflavin determinations for each 
of the 7 subjects for both periods of both years was 3.21 pg 
per 100 ml, and the average of 207 determinations for free 
riboflavin was 1.41 pg per 100 ml of serum. Single determina- 
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tions ranged from 1.72 to 6.25 ug per 100ml for total ribo- 
flavin and from 0.21 to 4.23 for free riboflavin. 

The average urinary excretions of riboflavin varied from 
315 to 467 ug per 24 hours. These values are somewhat higher 
than those reported by Hathaway and Lobb (’46), who found 
excretions of 174 to 229 ug on a natural diet containing 1.3 mg 
of riboflavin per day, but similar to the 214 to 345 ug range 
reported by Davis et al. (’46) for 6 subjects receiving 660 pg 
of riboflavin per 1,000 Cal. 

Expressed as a percentage of the riboflavin intake, the av- 
erage riboflavin excretions ranged from 27 to 40. These are 
similar to the values reported by Swaminathan (’42), who 
found 25 to 30% excretion when the intake was 1.2 to 1.5 mg 
per day. 

According to Aykroyd et al. (’48), if the excretion of ribo- 
flavin is less than 200 pg per gram of creatinine, the intake of 
riboflavin may be considered unsatisfactory. The mean uri- 
nary riboflavin values for all subjects for the entire studies 
were above this level, and ranged from 248 to 474 ug per gram 
of creatinine. However, the mean values for each subject for 
the last 10 days of period 2 in 1951 were 214, 184, 173 and 
316 pg per gram of creatinine, for MLW, HAL, CAS and RBD, 
respectively. This would suggest that for two subjects (HAL 
and CAS) a riboflavin intake of 1.2 mg per day was unsatis- 
factory under these experimental conditions. These two sub- 
jects, who were larger than the others, also had the highest 
creatinine excretions. The relationship observed between ribo- 
flavin excretion and urinary creatinine is analogous to the one 
observed between thiamine and creatinine excretion for the 
same subjects (Louhi et al., 52) and not only indicates a defi- 
nite relationship between these nutrients and creatinine but 
that body size is of significance in the estimation of thiamine 
and riboflavin requirements. 


Isolated observations 


Daily values for one subject receiving vitamin supplements. 
Included in figure 1 are values for one subject (HHY) who 
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was under a physician’s care and was receiving vitamin as 
well as x-ray therapy following surgery. She received a modi- 
fied diet containing approximately 2,600 Cal., 5,600 ug of thia- 
mine and 6.2 mg of riboflavin per day. During the first 19 
days of the study she also received the 400-ug daily supple- 
ment of thiamine. It can be seen that she excreted a much 
higher per cent of the riboflavin consumed than did the others, 
but her serum riboflavin values were not high. 

Effect of an oral test dose of riboflavin. Two weeks after 
the close of the 1951 study, the subjects took orally a 2-mg 
test dose of riboflavin * immediately after a fasting blood sam- 
ple and a one-hour fasting urine sample had been obtained. 
Soda crackers and black coffee were served in place of break- 
fast, and blood and urine samples were obtained one-half, 
one, two, three, 4 and 5 hours after the test dose. The results 
are shown in figure 2. It can be seen that both the free and 
total riboflavin of the serum reached a peak in one-half to one 
hour after the ingestion of the dose. Thereafter, the free ribo- 
flavin returned to the fasting level by the end of the second 
hour but the total riboflavin decreased more slowly and did 
not reach the fasting level until the 5th hour. Urinary ex- 
cretion of riboflavin reached a maximum at the end of the first 
hour. By the end of the 5th hour the urinary excretions were 
very nearly as low as the fasting hour excretions. 

Values for the riboflavin content of the serum of normal 
adults. Fasting serum samples were obtained from a group 
of 29 normal adults. Analyses were made in triplicate for f see 
and total riboflavin. The values for free riboflavin averaged 
1.01 pg per 100 ml and ranged from 0.10 to 3.87. The values 
for total riboflavin averaged 2.89 ug per 100 ml and ranged 
from 1.58 to 5.67. The values for FAD averaged 1.89 ug per 
100 ml (0.66 to 5.11). 

DISCUSSION 

Burch et al. (’52) found, for 91 persons in Bataan, that al- 

though the dietary riboflavin intake was estimated to be only 


* Riboflavin was obtained through the courtesy of Merck and Company, Rahway, 
New Jersey. 
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0.3 mg per day, the mean total riboflavin of the serum was 
3.7 wg per 100ml. The urinary excretion of riboflavin of 47 
of these subjects was 120 yg per gram of creatinine, a level 
considered unsatisfactory. Thus, there appears to be no rela- 
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tionship between the concentration of riboflavin in the serum 
and riboflavin intake. This lack of relationship is evident from 
the results of the studies in this laboratory also, since the 
serum riboflavin values of HHY, who received 6.2 mg of ribo- 
flavin daily, fell within the range of those of the other sub- 
jects. 


SUMMARY 


1. Riboflavin metabolism was studied in 7 adult women on 
a controlled diet. The diet met the recommended allowances 
of the National Research Council in all known nutrients ex- 
cept for thiamine and riboflavin. 

2. Daily fasting values averaged 3.21 ug % for 208 deter- 
minations of serum total riboflavin and 1.41 pg % for 207 de- 
terminations of serum free (+ FMN) riboflavin. 

3. Urinary excretions of riboflavin varied from 315 to 467 pg 
per 24 hours and ranged from 27 to 40% of the riboflavin in- 
take. 

4. The effects of an oral test dose of riboflavin were stud- 
ied. The concentration of riboflavin in the serum reached 
a peak in one-half to one hour after the test dose and ap- 
proached the fasting level in 5 hours. The peak in urinary 
excretion of riboflavin occurred one hour after the test dose 
and by the 5th hour the excretion of ribotlavin was about the 
same as the one-hour fasting excretion. 

5. Based on the excretion of riboflavin in terms of micro- 
grams of urinary riboflavin per gram of urinary creatinine, 
the results of this study indicate that for two of 7 subjects, 
1.2 mg per day of riboflavin may have been inadequate under 
the experimental conditions which obtained. 
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THE AMINO ACID AND PROTEIN CONTENT 
OF CORN AS RELATED TO VARIETY 
AND NITROGEN FERTILIZATION ? 
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TWO FIGURES 
(Received for publication April 20, 1953) 


It has been reported from this laboratory that nitrogen 
fertilization, and to some extent variety, influences the pro- 
tein nutritive value of grain corn as determined by rat and 
chick growth experiments (Sauberlich, Chang and Salmon, 
D1, 53). Although a number of papers have demonstrated 
an influence of genetic factors on the protein content of the 
corn kernel (Aurand et al., 50; Frey, ’49, 51; Miller et al., 
50; Rodriguez et al., 50), few have been concerned with the 
influence of nitrogen fertilization and variety on the amino 
acid and protein content of grain corn (Hamilton et al., 51; 
Mitchell et al., 52). 

In the present study, determinations were made for protein 
and for 18 amino acids on a series of corn samples. The 
results revealed that the rate of nitrogen fertilization em- 
ployed and the variety selected influenced considerably the 
protein and amino acid contents of the corn kernel. 


EXPERIMENTAL 
A series of 19 corn samples of different varieties was se- 
lected for this study. The samples were obtained from field 
1 Published with the approval of the Director, Agricultural Experiment Station, 


Alabama Polytechnic Institute. This work was supported in part by a grant from 
the Williams-Waterman Fund of the Research Corporation. 
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plots receiving either high- or low-nitrogen fertilization. The 
varieties and classification of the samples are given in table 1. 

The corn samples were finely ground and dried for 15 hours 
at 60°C. Duplicate samples of about 0.5 gm each were accu- 
rately weighed, placed in covered 25 X 200-mm Pyrex test 
tubes, and hydrolyzed with 10 ml of 4N hydrochloric acid in 


TABLE 1 


Corn samples used in the microbiological analyses for amino acids 





LOW NITROGEN FERTILIZATION ! HIGH NITROGEN FERTILIZATION 2 





Per cent 
protein 
in corn * 


Per cent 
protein 
in corn * 


Sample Variety 


Sample Variety 
no. of corn 


no. of corn 





Dixie 17 6.8 10 Dixie 17 9.3 
Dixie 17 7.1 11 Dixie 18 10.5 
Dixie 17 7.4 12 Mosby 11.0 
T 6126 7.6 13 North Carolina 1032 11.0 
Dixie 11 7.7 14 Florida W1 11.0 
Funks G 717 7.8 15 P.A.G. 630 11.3 
Indian Chief 8.0 16 Funks G 714 11.4 
P.A.G. 630 8.1 17 Strawberry Dent 12.0 
North Carolina 1032 = 8.2 18 McCurdy 1002 12.0 

19 Kansas 2234 12.0 





* Low nitrogen fertilization — The fertilizers included 200 pounds of 4—10-7, and 
100 pounds of NaNO, per acre. The total nitrogen contributed by these fertilizers 
was 24 pounds per acre. 

* High nitrogen fertilization — The fertilizers included 500 pounds of 4—10—7, and 
400 pounds of NaNO, per acre. The total nitrogen contributed by these fertilizers 
was 84 pounds per acre. 

Although the rate of potassium and phosphorus application was also varied, the 
results of later experiments showed that the variation in the rate of nitrogen 
application was the primary factor affecting the protein content of the corn. 

* Kjeldahl nitrogen X 6.25, expressed on a moisture-free basis. 


an autoclave for 8 hours under 15 pounds of pressure. The 
acidity was then adjusted to pH 6.8 with potassium hydroxide. 
The hydrolysate was diluted to 100ml, filtered and stored 
under toluene in a refrigerator. Alkali hydrolysates were 
obtained for use in the tryptophan and tyrosine analyses by 
substituting 4N sodium hydroxide in the hydrolysis and neu- 
tralizing with hydrochloric acid. The corn samples were an- 
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alyzed for their content of 18 of the individual amino acids 
by previously employed microbiological assay methods (Sau- 
berlich and Baumann, ’46, 49; Steele et al., °49). Each amino 
acid was determined two or more times on each sample and 
in many instances determined also with the use of a second 
organism. The values obtained are expressed as per cent 
of a given amino acid in the whole corn grain and also as 
per cent of the total proteins present in the corn (Kjeldahl 
nitrogen < 6.25). All values are expressed on the basis of 
the moisture-free samples. The original samples contained 
12 to 138% moisture. 


RESULTS AND DISCUSSION 
Protein analyses 


The protein content of the corn grain samples analyzed is 
presented in table 1. The protein content ranged from a low 
of 6.8 to a high of 12.0%. The samples of corn obtained from 
plots receiving a low-nitrogen treatment ranged in protein 
content from 6.8 to 8.2%, as compared to a range of 9.3 to 


12.0% for samples from plots receiving the high-nitrogen 
treatment. 


Amino acid analyses 


All of the 18 amino acids determined were found to be pres- 
ent in corn in significant amounts (figs. 1-A to 1-F). The 
amino acids determined accounted for about 85% (81.5 to 
89.0) of the Kjeldahl nitrogen content of the samples. The 
amount of each amino acid increased with an increased amount 
of protein in the corn. However, the increase of each amino 
acid did not necessarily correlate directly with increases in 
protein content. The content of certain amino acids in the 
total proteins became greater as the percentage of protein 
in corn increased; this was true in the case of leucine, alanine, 
phenylalanine and proline. The percentage of some amino 
acids in the total protein became smaller as the percentage 
of protein in the corn became greater; this was true in the 
ease of arginine, glycine, lysine and tryptophan and to some 
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Fig. 1 The relation of the protein content of corn to the per cent of amino 
acids in the total corn proteins. 
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extent of threonine and valine. The percentage of certain 
amino acids in the protein tended to remain relatively con- 
stant as the percentage of protein in the corn became greater; 
such was true of isoleucine, cystine, histidine, methionine, 
serine, tyrosine, aspartic acid and glutamic acid. 

In the present study, nitrogen fertilization caused a marked 
increase in the content of all 18 amino acids in corn (table 2; 


TABLE 2 


Summary of amino acid content of corn and total corn protein 





AVERAGE AMINO ACID CONTENT OF 





AMINO ACID Corn! Corn protein 2 








Low-protein High-protein Low-protein High-protein 





% Co % % 


70 7 D 
Protein content * 7.6 11.4 7.6 11.4 


Alanine 0.71 1.21 ’ 10.6 
Arginine 0.46 0.61 . 5.3 
Aspartic acid 0.98 1.37 2. 12.1 


Cystine 0.14 0.22 


Glutamie acid 1.15 1.77 ' 15.6 
Glycine 0.24 0.33 ‘ 2.9 


Histidine 0.16 0.25 2.2 2.2 
Isoleucine 0.27 0.44 
Leucine 0.71 1.43 A 12.6 


Lysine 0.23 0.27 . 2.4 
Methionine 0.17 0.22 1.9 
Phenylalanine 0.31 0.55 . 4.8 


Proline 0.54 1.10 
Serine 0.30 0.51 
Threonine 0.38 0.53 


Tryptophan 0.090 0.113 . 0.99 
Tyrosine 0.28 0.47 3. 4.1 
Valine 0.57 0.81 f 7.1 





* Values expressed on moisture-free basis. 

*Amino acid content of total corn proteins calculated to 16% nitrogen on 
moisture-free basis. 

* Low-protein corn represents 9 samples ranging in protein content from 6.8 to 
8.2%; high-protein corn represents 9 samples ranging in protein content from 
10.5 to 12.0% (Kjeldahl nitrogen X 6.25 on moisture-free basis). 








246 SAUBERLICH, CHANG AND SALMON 


also compare table 1 with figures). For instance, the leucine 
content of North Carolina 1032 corn grown with low-nitrogen 
fertilization was 0.84% (sample 5), whereas with high-nitro- 
gen fertilization, the leucine content of the same variety was 
1.46% (sample 13), an increase of 74% due to the nitrogen 
fertilization. Thus, the increases in nitrogen content due to 
the fertilization represent, apparently, true increases in pro- 
tein and not merely an increase in non-protein nitrogen. 
With the nitrogen fertilization constant, marked varietal 
differences were also noted in the present study in both the 


0.7 
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Fig. 2 The relation of the protein content of corn to the amino acid content 
of corn. 


amino acid and protein content (compare table 1 with figures). 
Similar observations have been made by Miller et al. (’50) 
for lysine, methionine and tryptophan and by Frey (’49) for 
tryptophan. In the present investigation it was found, for 
instance, that Dixie 17 corn (sample 10) contained 0.44% 
threonine, whereas Kansas 2234 corn (sample 19) contained 
0.58% (fig. 2-A). Similar differences were noted in the case 
of other amino acids in the same and different varieties of 
corn. Such differences among varieties may be credited to 
the influence of inheritance, assuming that the level of nitro- 
gen fertilization was adequate in each case. It is interesting 
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to note that with specially developed strains of Lllinois corn, 
Frey (’51) found that zein increased in proportion to the 
total protein in corn as the protein percentage increased in 
the high-protein strain; tryptophan decreased proportionately 
to the total protein as protein percentage increased; valine 
decreased and leucine increased proportionately to the total 
protein as the protein percentage increased in corn grain. 
No trend was apparent for isoleucine and the other amino 
acids were not investigated. 

In the present study, similar results were observed not 
only among the various varieties but also as a result of in- 
creased nitrogen fertilization. It was observed that as the 
protein content of the corn increased, the content of some 
of the amino acids increased at a fast rate, some increased 
at a slow rate, and others increased at an intermediate rate. 
In figures 2-A and 2-B are presented as examples the obser- 
vations on the critical amino acids in corn; namely, tryp- 
tophan, lysine, isoleucine, threonine, valine and histidine 
(Sauberlich, Chang and Salmon, ’51, 53). From these figures 
it is apparent that although the amount of each amino acid 
increases with an increased protein content of the corn, the 
rate of the increase for each amino acid is not necessarily 
the same. Thus, nitrogen fertilization not only increased the 
protein content of corn, but it also affected the relative pro- 
portion of the various proteins in the crude protein of corn. 

In table 2 are summarized the data on the relation of the 
protein content of corn to the amounts of each of the 18 amino 
acids in the corn kernel and in the crude protein. The results 
of the present study reveal that the zein fraction of the pro- 
teins in the kernel is apparently increased at a greater rate 
than the other proteins with the increased protein content 
obtained with nitrogen fertilization or variety selection. This 
is apparent from a comparison of the amino acid content of 
zein (Sauberlich et al., 45) with the changes in the amino 
acid content of the crude proteins of corn. For instance, 
arginine, an amino acid that occurs in rather low amounts 
in zein, was present in a decreasing percentage in the crude 
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protein of corn, while the protein content in corn increased 
with fertilization. The reverse was true in the case of leucine, 
an amino acid that is present in a high percentage in zein. 
Such changes would reflect a greater increase in zein in pro- 
portion to the increases in the other proteins present in corn. 

These observations are in agreement with the findings of 
Showalter and Carr (’22), Frey (’49, 51) and Hansen et al. 
(°46), who found in genetic studies that high-protein corn 
contained a larger proportion of zein than low-protein corn. 
Schneider et al. (’52) have also noted a relationship of nitro- 
gen fertilization and protein content with the zein content 
of corn. A similar explanation would hold true for the finding 
of Dobbins et al. (50), who noted that the protein of high- 
protein corn was somewhat inferior to that of low-protein 
corn when fed to pigs. However, Miller et al. (’50) reported 
as a result of their study that the distribution of tryptophan, 
methionine and lysine was the same in both low- and high- 
protein corn. Results of the present investigation and of 
feeding experiments with rats (Sauberlich, Chang and Salmon, 
53; Mitchell et al., 52) indicate that the quality of protein 
of high-protein corn is inferior to that of low-protein corn. 

Although zein apparently was present in a greater pro- 
portion in the high-protein corn samples, the content of the 
other proteins appeared to be increased also in terms of grams 
per 100 gm of corn. This is evident from the fact that the 
lysine and tryptophan content was greater in the high-protein 
corn than in the low-protein corn. These two amino acids are 
absent, or virtually so, in zein (Block and Bolling, 51). There- 
fore, the increase of these two amino acids must be explained 
by an increase of the non-zein proteins in corn. Unfortu- 
nately, the increases of lysine and tryptophan were not as 
marked as that of other amino acids. Thus, from the view- 
point of non-ruminant nutrition, the quality of the protein 
in the high-protein corn would be actually inferior to that of 
the low-protein corn; however, on the basis of per gram of 
corn, the high-protein corn would be expected to be superior. 
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The results of the feeding experiments (Sauberlich, Chang 
and Salmon, ’53) are substantiated by the analytical values 
observed. 

In general, the content of protein in corn appears to be 
related primarily to nitrogen fertilization and genetic inheri- 
tance. Thus, in the development of varieties of corn, three 
characteristics should be considered: (a) the percentage of 
protein in corn; (b) the composition of the protein, or the 
amino acid content of the corn; and (c) the protein produc- 
tion and the corn yield per acre. Neglect of any one of these 
factors may adversely affect the nutritional or economic value 
of corn. 

SUMMARY 

1. A series of 19 samples of grain corn was analyzed for 
protein and 18 amino acids. The results revealed that the 
nitrogen fertilization employed and the variety selected may 
influence considerably the protein and amino acid content of 
the corn kernel. The protein content of the samples ranged 
from 6.8 to 12.0%. 

2. The amount of all the amino acids increased with an 
increase in the protein content of the corn. However, there 
were considerable differences in the rate of increase among 
the individual amino acids. 

3. The results indicated that with the high-protein corn 
samples a greater proportion of the protein was zein as 
compared to the low-protein samples. Nitrogen fertilization 
increased the protein and amino acid content of corn signifi- 
cantly, with the increase apparently largely in the zein frac- 
tion. However, the other proteins were also increased with 
an increased protein content of corn, as was reflected by the 
presence of greater amounts of lysine and tryptophan. 
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The unique predominance of Lactobacillus bifidus in the 
intestinal flora of the human nursling has prompted a search 
for microbiological growth factors in human milk (Tomarelli 
et al., °49; Norris et al., 50). Recently Gyérgy et al. (’52) have 
isolated a strain of L. bifidus that required an unknown growth 
factor in human milk. Subsequently, we isolated a strain that 
was found to have similar requirements. Through independent 
investigations, hog gastric mucin was found to be a potent 
source of the growth activity. 

The relatively high concentration of the growth factor in 
human milk, as compared to cow’s milk, implied a role for 
this factor in the nutrition of the young of the non-ruminant 
mammal. In the experiments described herein it was found 
that the addition of mucin, as a potent source of this micro- 
biological growth factor, to diets formulated to approximate 
the composition of human milk, stimulated the growth of wean- 
ling rats. 


EXPERIMENTAL METHODS AND RESULTS 
Composition of diets 


The use of the rat to demonstrate the biological activity of 
a factor present in human milk is complicated by the inability 
of this species to tolerate a diet with the high lactose and 
low protein content of human milk (Scott and Norris, ’49). 


+ Presented before the American Institute of Nutrition, Chicago, 1953. 
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A commercial infant formula? with a protein content of 
12%, approximating that of early human milk,* was found 
to support the growth of young rats, although at a subop- 
timum rate. This formula, which is composed of skim cow’s 
milk, lactose, a fat mixture, vitamins and minerals, was se- 
lected as the basal diet for experiments 1 to 4. This simulated 
human milk was fed both as liquid, 124 gm/qt., and in the 
powdered form. These are listed in table 1 as diets A and 
B, respectively. 

In the diets containing mucin, 6 gm of hog gastric mucin * 
were added to each quart of formula (5% of solids) to give 
a diet with a microbiological growth factor activity roughly 
equivalent to that of human milk. 

A mucin hydrolysate in which the microbiological activity 
was destroyed by prolonged acid hydrolysis (Tomarelli et al., 
53) was prepared by heating 200 gm of mucin in 61 of 6N HCl 
overnight. Excess acid was removed by vacuum distillation 
and the residual syrup neutralized with NaOH to pH 6.8 and 
diluted to 21. Sixty milliliters were incorporated into each 
quart of formula. Since the hydrolysate contained approxi- 
mately 2.5 gm of NaCl, this amount of salt was added to the 
diet of each of the other groups. 

A ‘‘synthetiec mucin’’ mixture as a control for the amount 
of protein and non-protein nitrogen compounds in mucin was 
prepared according to the following calculation. The protein 
nitrogen content of mucin was calculated as the difference be- 
tween the total nitrogen and hexosamine nitrogen. Mucin was 
hydrolyzed with 1N-6N HCl for varying lengths of time and 
glucosamine determined by the method of Rimington (’40) ; 
the maximum value obtained was 17.4%. Since some destruc- 
tion of glucosamine is known to occur during acid hydrolysis, 
the resultant calculated amount of protein, if in error, is in 

7S. M. A., Wyeth Laboratories, 120 gm protein, 560 gm lactose, 280 gm fat, 
40 mg Fe, 40,000 U.S.P. units vitamin A, 6,400 units vitamin D, 54 mg thiamine 
HCl, 8 mg riboflavin, 40 mg niacin, 400 mg ascorbic acid per kilogram solids. 

*Colostrum, one to 5 days, 21% protein; 5 to 10 days, 11.8%; mature milk, 


9.7% (Macy et al., 750). 
* Wilson Laboratories. 
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excess. The synthetic mucin mixture, equivalent to 6 gm of 
mucin, contained 3 gm of casein, 0.66 gm of ammonium citrate 
and 2.34 gm of glucose. 


TABLE 1 


The growth effect of mucin on rats fed simulated human milk 








EXPERI- ’ : AVERAGE 
EXP. MENT BASAL RAT? = aasee FOOD FOOD = RACTION 
: - Rec ed EIGHT EFFI- OF SUR- 
No. DURA- DIET GROUP aaln cOoN- cuaNCY 0 - WIvonS 
TION — SUMED = 7 
weeks gm gm gm/gm 
2 11 A Control ws as* 1,220 0.08 10/10 
Mucin 1452+ 9.5 1,221 0.12 10/10 
Hydro- 
lyzed 
muein 103 + 5.4 1,164 0.09 10/10 


‘*Syn- 





thetic 
mucin’? 110+ 3.6 1,248 0.09 9/10 
26 A Control 156+ 8.3 3,186 0.5 13/13 
plus 
vitamins 
inexcess Mucin 270 + 19.1 4,466 0.06 12/13 
Hydro- 
lyzed 
mucin 163 + 13.5 3,421 0.05 12/13 
4 23 B Control 130 + 17.8 1,256 0.10 5/10 
Mucin 230 + 14.7 1,963 0.12 10/10 
5 23 Cc Control 127 + 11.3 1,498 0.09 8/10 
Mucin 185 + 


5.7 1,868 0.10 8/10 


‘Male weanling rats, Sprague Dawley strain in experiment 2, Carworth Farms 
in experiments 3, 4 and 5. 
? Standard error. 


The semi-synthetie diet, basal diet C, of experiment 5 con- 
tained, per kilogram, 120 gm of casein, 250 gm of hydrogenated 
cottonseed oil,® 40 gm of salt mixture 2,° and 540 gm of lac- 
tose; the diets differed in that the control contained 50 gm 


® Crisco. 
*U.8.P. XII, No. 2. 
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of the ‘‘synthetic mucin’’ mixture, while the mucin diet con- 
tained 50 gm of mucin. Each kilogram of the semi-synthetic 
diet was fortified with 1 gm of choline chloride; 5 mg each of 
thiamine HC, riboflavin, pyridoxine HC] and 2-methy! naph- 
thoquinone ; 50 mg each of calcium pantothenate and niacin; 
100 mg each of p-aminobenzoiec acid and inositol; 2 mg folic 
acid; 0.5 mg biotin; and 0.05 mg vitamin B,p. 

In experiments 6, 7 and 8, 0.1% iodinated casein’ was in- 
corporated into the simulated human milk powder in an at- 
tempt to increase the requirement of the experimental ani- 
mals for the nutritional factor associated with mucin. Mucin, 
mucin hydrolysate and insoluble residue of liver * were added 
to the diet at a level of 5%. In experiment 8, in addition to 
the usual vitamin fortification the animals received, per kilo- 
gram, the following large dose of B vitamins: 30 mg each of 
thiamine HCl and riboflavin, 15 mg pyridoxine HCl, 70 mg cal- 
cium pantothenate, 60 mg niacin, 250 mg p-aminobenzoic acid, 
100 mg inositol, 1,200 mg choline chloride, 2.5 mg folie acid, 
1.0 mg biotin, 5mg 2-methyl naphthoquinone and 0.05 mg 
vitamin By». 

The rats were individually caged and housed in a constant 
temperature room. Food and water were given ad libitum; 
the rats were weighed twice weekly, and food consumption 
was recorded daily. The statistical significance of the differ- 
ence in weight gains between any two groups was calculated 
by Student’s ‘‘t’’ test (Snedecor, ’46). 


Growth effect of mucin 


In the first experiment 15 rats receiving the control diet 
A reached a growth plateau after 4 weeks and by the end of 
the 7th week all were dead. In marked contrast, 11 of 15 rats 
receiving the mucin-supplemented diet survived the experi- 
ment and were growing at a steady although definitely sub- 
normal rate. The unexpectedly high mortality resulting from 


* Protamone, Cerophyl Laboratories, Inc. 
* Armour and Company. 
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the feeding of the control diet did not occur in subsequent 
experiments; the results of this first experiment are not in- 
cluded in table 2. 

The experiment was repeated using the same strain of rats, 
Sprague-Dawley, as in the first experiment. No fatalities oc- 
curred in the control group even though the feeding test was ex- 
tended to 11 weeks (experiment 2, table 1). The group of 
rats receiving the mucin supplement gained approximately 
50% more than the control animals (p < 0.01). The group 
receiving the microbiologically inactive acid hydrolysate of 
mucin and the group receiving the ‘‘synthetic mucin’’ mix- 
ture grew at the same, or a slightly better, rate than did the 
control group. 

In experiment 3 a large supplement of B vitamins was 
added to the basal diet. The vitamin mixture was that de- 
scribed in the previous section as a supplement for the diets 
containing the iodinated casein. The results of this experi- 
ment (table 1) using a second strain of rats (Carworth Farms) 
duplicated those of the previous experiment. Mucin, but not 
hydrolyzed mucin, significantly increased the weight gain of 
the rats (p < 0.01). 

The beneficial effect of mucin was also operative when the 
mucin was fed with the simulated human milk in powder 
form, diet B, or with a synthetic diet of purified dry ingredi- 
ents, diet C (experiments 4 and 5, table 1). 

In all experiments an increase in food efficiency, i.e., grams 
of growth per gram of food, was shown by those rats receiv- 
ing the diet containing mucin. The effect of mucin on sur- 
vival rate was positive only in experiments 1 and 4. 

The results of the experiments in which iodinated casein 
was added to the simulated human milk powder are presented 
in table 2. In experiment 6, with 6-week-old male and female 
rats, mucin afforded a definite protective effect, as was evi- 
denced by the increase in weight and the number of surviving 
rats. When the test was repeated, experiment 7, using male 
rats, fewer rats survived, but again a definite protection re- 
sulted with the feeding of mucin. In experiment 8 the effect of 
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a mucin supplement was compared with that of a microbiologi- 
cally inactive mucin hydrolysate and with the water insoluble 
residue of liver, whose antithyrotoxic activity was first report- 
ed by Ershoff (’48). Since thyrotoxicosis results in an increased 
requirement for many of the B vitamins, the massive dose of 
vitamins listed in the preceding section was incorporated into 
the basal ration. The groups receiving the mucin and the liver 


TABLE 2 


The growth effect of mucin on rats fed simulated human milk 
containing iodinated casein 





AFTER 7 WEEKS 








INITIAL AFTER 4 WEEKS = aA 
EXP. RAT on —___-—— resaaeR? 
NO. GROUP No. of Average No. of Average No. of Average ~ hac 
rats! weight rats weight rats weight yee 
gm gm gm ray Os gm 
6 Control 15 73 11 82 1 56 —17 
Mucin 15 73 12 97 12 132 59 
7 Control 16 45 4 68 ] 56 11 
Mucin 16 45 9 79 4 100 55 
8 Control 10 43 8 90 5 98 55 
Mucin 10 43 8 100 4 143 100 
Hydrolyzed 
mucin 10 43 5 93 3 100 57 
Liver 
residue 5 43 4 117 4 150 107 


‘Sprague Dawley rats, male weanlings in experiments 7 and 8, 10 males and 5 
females, 6 weeks old in experiment 6. No sex difference was apparent. 


residue grew at a significantly greater rate (p < 0.01) than 
did the control group or the group receiving the acid hydroly- 
sate of mucin. In this experiment the feeding of mucin did 
not affect the survival rate. No appreciable difference was 
found in the average weights of the kidnevs, spleens or hearts 
of surviving animals of each group. The weights of the testes 
of the rats of the mucin and the liver residue groups were 
significantly greater than those of animals in the control 
group (p < 0.01). The hypertrophy of adrenals and the at- 
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rophy of thymus induced by the feeding of the thyrotoxic 
compound were significantly counteracted by the concomitant 
feeding of liver residue, whereas the small effect of mucin 
was of doubtful significance. 


TABLE 3 


The effect of mucin and liver residue on the weight of organs of young male 
rats fed iodinated casein (Experiment 8) 


AVERAGE ORGAN WEIGHT (MG/100 GM BODY WT.) 


GROUPS 


Testicles Adrena's > Thymus 
Control 555 + 175 67 + 1.3 109 + 19.8 
Mucin 1325 + 27 53 + 6.5 72 + 34.0 
Hydrolyzed mucin 734 + 190 56 + 4.2 131 + 13.3 
Liver residue 1251+ 78 39 + 2.0 191 + 20.0 
DISCUSSION 


The destruction of both the microbiological and the rat 
growth activity of mucin by prolonged acid hydrolysis sug- 
gests that a single entity is involved. This concept has been 
strengthened by the finding that concentrates of the bacterial 
growth factor for L. bifidus prepared from human milk will 
also increase the growth of young rats in a manner similar 
to that of mucin.® Chemical evidence for the similarity of 
the factors of human milk and of mucin has been afforded 
by the isolation of a microbiologically active disaccharide 
from mucin consisting of galactose and acetylglucosamine 
(Tomarelli et al., 53). Compounds liberated by acid hydroly- 
sis of the human milk concentrate of Gydrgy et al. (’52) in- 
clude glucosamine and galactose. 

The mode of action of mucin in promoting the growth of 
rats is unknown. In the present investigation of a biological 
factor present in human milk, diets designed to simulate the 
composition of human milk were selected with the thought in 
mind that the rats’ requirement for the factor might be de- 
pendent on a diet of a composition characteristic of human 
milk, namely a high content of lactose and a low content of 


* Personal communication from Dr. Paul Gyérgy. 











258 TOMARELLI, LINDEN, DURBIN AND BERNHART 


protein. If the protein content of such a high lactose diet 
is increased, a definite increase in the growth rate of rats fed 
the diet will result. However, superior growth is obtained 
merely by substituting glucose for lactose while maintaining 
the protein at the original low level. Thus, for the rat the 
12% protein permits a good rate of growth except under the 
condition imposed by the toxic concentration of lactose. The 
growth effect of mucin cannot be ascribed to protein or non- 
protein nitrogen present in the preparation, since control sup- 
plements, containing comparable amounts of protein and non- 
protein nitrogen, were without effect. The ineffectiveness of 
the acid hydrolysate of mucin also argues against a protein 
effect, since the hydrolysate probably contains most of the 
amino acids of the mucin protein. 

The growth activity of mucin for a strain of Lactobacillus 
bifidus, and the increase in the numbers of bacteria in the 
cecum of the rat resulting from the feeding of lactose (Nath 
et al., ’48) suggest that the mechanism of the growth effect 
of mucin for the rat may be through the intermediation of 
intestinal bacteria. The beneficial effect of dietary mucin to 
the animal host may be attributable to the production of a 
more benevolent cecal flora; i.e., bacteria that produce less 
toxins or are less destructive of vitamins or amino acids. 
In one experiment of the present study, the growth effect of 
mucin persisted when the diet was excessively fortified with 
a mixture of 10 B vitamins, thereby eliminating a bacterially 
induced deficiency of at least the added vitamins. 

In the experiments in which iodinated casein was incor- 
porated into the diet, mucin was active in increasing the body 
weight, survival rate and testicle weight of the rats. It is 
of interest that Lewis et al. (50) have suggested that the 
glycogen of the liver residue may be responsible, by influenc- 
ing the type of intestinal bacteria. 


SUMMARY 


Hog gastric mucin, a potent source of a microbiological 
growth factor also present in human milk, when fed with a 
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basal diet of a composition approximating that of human 
milk resulted in increased growth and, in some cases, increased 
survival time of weanling rats. The biological effect of mucin 
was demonstrable with a modified skim cow’s milk ration, with 
a semi-synthetic diet composed of casein, lactose, hydrogenated 
cottonseed oil and salts, and with milk rations containing io- 
dinated casein. The destruction of the microbiological growth 
activity of mucin by prolonged acid hydrolysis also resulted 
in a loss of the rat growth activity. 
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The importance of pulses in Indian dietaries has long been 
recognized by nutrition workers in India. The pulses com- 
monly used are: Bengal gram (Cicer arietinum), red gram 
(Cajanus indicus), green gram (Phaseolus radiatus), black 
gram (Phaseolus mungo) and lentil (Lens esculenta). A few 
beans also are used by the poorer classes. The protein con- 
tent of these pulses varies between 22 and 25% (Aykroyd, 
Patwardhan and Ranganathan, ’51) and hence, together with 
cereals, they are important sources of protein in Indian di- 
etaries (Indian Council of Medical Research, ’51). 

The biological values and the digestibility coefficients of 
some of the pulses have been determined by Niyogi et al. 
(’30-’31, °31-’32a, b, c), Basu et al. (’35-’36) and Swamina- 
than (’37-’38). However, no systematic studies have been 
made so far on the essential amino acid composition of In- 
dian pulses. Scattered data on the content of one or more am- 
ino acids in pulses have been found in the literature (Niyogi 
et al., ’31-’32a, b, ce; Desikachar and De, 47; Lal, ’50). 

The present paper reports values for the essential amino 
acid composition of 5 Indian pulses and a legume (Vigna 
catjang ). 

EXPERIMENTAL 
Preparation of samples 


Samples were purchased locally, decorticated, powdered 
and employed in the evaluation of the amino acid composi- 
261 








262 P. K. VIJAYARAGHAVAN AND P. R. SRINIVASAN 


tion. Five grams of finely powdered samples were refluxed 
with 30 ml of 5N hydrochloric acid for 24 hours at 125°C. 
For the assay of tryptophan, 2gm of sample were treated 
with 15 ml of 5 N sodium hydroxide and refluxed for 5 hours 
at 125°C. The hydrochloric acid in the hydrolysate was re- 
moved in vacuo while the alkaline hydrolysis was neutralized 
with hydrochloric acid before being diluted for the assay. All 
the solutions were adjusted to pH 6.8, using bromothymol blue 
as an external indicator, before being dispensed into various 
tubes. 

The following method of hydrolysis for the estimation of 
methionine was employed. Two grams of the sample were 
digested with 5ml of papain extract from 500 mg of papain 
at 60°C. for 24 hours with an acetate buffer of pH5.8. A 
few drops of 5% potassium cyanide were also introduced for 
activating papain. The hydrolysis was then completed by 
refluxing with an equal amount of 10 N hydrochloric acid for 
6 hours at 125°C. The rest of the process was similar to that 
outlined above. 

Assay procedure 


All the amino acids except methionine and cystine were 
assayed by the microbiological technique described by Dunn 
et al. (’49). Microbiological assay was not employed for the 
estimation of methionine since the blank obtained was very 
high and the response to graded levels of methionine was not 
satisfactory. Methionine was estimated by the colorimetric 
procedure of McCarthy and Sullivan (’41), as modified by 
Horn et al. (’46), and cystine by the method of Block and 
Bolling (’47). 

Organisms 


The organisms employed and assay ranges for the vari- 
ous amino acids were as follows: L-arginine, Lactobacillus 
casei, 0 to 60 pg; L-lysine, L. mesenteroides P-60, 0 to 40; L- 
tryptophan, L. arabinosus 17-5, 0 to 10; pt-isoleucine, L. ara- 
binosus, 0 to 40; pt-valine, L. arabinosus, 0 to 40; pt-threonine, 
L. fermentii 36, and Streptococcus fecalis R,0 to 40; t-leucine, 
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L. arabinosus, 0 to 20; pt-phenylalanine, L. mesenteroides 
and L. casei, 0 to 40; and i-histidine, L. fermentii and 8S. 
fecalis R, 0 to 20. Lactobacillus casei (American Type Cul- 
ture Collection 7469), L. arabinosus 17-5 (A.T.C.C. 8014), 
Leuconostoc mesenteroides P-60 (A.T.C.C. 8042) and Strep- 
tococcus fecalis R (A.T.C.C. 8043) were subcultured on Bacto- 
yeast dextrose agar' stabs and L. fermentui 36 (A.T.C.C. 
9338) on Bacto-tomato juice agar? stabs. The subcultures 
were made every two weeks, were incubated 24 to 48 hours 
and were stored in the cold. Usually two subcultures of each 
organism were made, one for preparing the inocula for the 
assays and the other for carrying the culture. 


Inoculum 


The inoculum was prepared as follows: glucose 4 gm, so- 
dium acetate 2.24 gm, AGU * 2 ml, salts A * 1 ml, salts B® 1 ml, 
vitamins * 1 ml, Bacto-peptone * 2 gm, and Marmite 1 gm, were 
dissolved and made up to 100ml with distilled water after 
adjusting the pH to 6.8, using bromothymol blue as external 
indicator. Fifteen milliliters of the above medium were trans- 
ferred into 100-ml centrifuge tubes and inoculated from the 
stab cultures a day preceding the assay. The inoculated media 
in the centrifuge tubes were incubated for 18 to 24 hours at 


* Difco. 

*See footnote 1. 

*One hundred and twenty milligrams each of adenine, guanine and uracil dis- 
solved in 0.5 N hydrochloric acid and the solution diluted to 100ml with this 
solvent. 

*Ten grams each of KH,PO, and K,HPO, dissolved in distilled water; solu- 
tion diluted to 100 ml and autoclaved to prevent molding. 

* Four grams of MgSO,-7H,0; 0.2 gm FeSO,-7 H,O; 0.2 gm MnSO,-7H,0 dis- 
solved in 0.1.N hydrochlorie acid and the solution diluted to 100ml with this 
solvent. 

*Forty milligrams each of riboflavin, niacin and calcium pantothenate, 32 mg 
of pyridoxine hydrochloride, 20 mg of thiamine hydrochloride, 2 mg each of pyri- 
doxamine hydrochloride, pyridoxal hydrochloride and para-aminobenzoie acid; and 
0.1 mg each of biotin and folie acid; 200 mg of choline chloride and 500 mg of 
inositol were shaken with 50% ethanol. The opalescent solution was made up 
to 100 ml and stored in an amber bottle in the cold. 

* See footnote 1. 
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37°C., the edges of the cotton plugs being folded over the 
lips of the centrifuge tubes and secured with rubber bands. 
The tubes were centrifuged for 5 minutes at 2,000 r.p.m. The 
supernatant liquid was discarded and the cells from each tube 
were suspended in sterile saline (0.85%) and centrifuged 
again, and the supernatant saline was discarded. Finally, the 
cells were suspended in saline so that the turbidity of the re- 
sultant solution would correspond to an optical transmission 
of about 60% as measured in the Lumetron colorimeter Model 
4U0-A. Approximately 0.05 ml of the above suspension was 
delivered aseptically to each assay tube. 


Basal medium 


The composition of the basal media used for the assay of 
various amino acids was similar to that of the media described 
by Dunn et al. (’49). 

The assay racks were constructed of three plates of alumi- 
num alloy, one-sixteenth inch thick, rivetted together with 
an interspace of one inch between any two plates. The two 
upper plates were drilled to hold 100 4-inch pyrex test tubes 
in 10 vertical and 10 horizontal rows. Each such rack served 
as container for 30 standard amino acid tubes and 70 sample 
tubes. 

Ten levels of the standard amino acid solutions (in trip- 
lieate) ranging from 0.1 to 1.0 ml (1 ml containing the maxi- 
mum concentration indicated earlier) were introduced into 
30 cultures tubes. Four levels of the suitably diluted test 
solutions (0.2, 0.4, 0.6 and 0.8 ml) and 4 levels of the recovery 
solutions (0.2, 0.4, 0.6 and 0.8ml) were added in another 
set of 24 tubes. For recoveries, the pure amino acids were 
added to the various hydrolysates and made up to volume 
before being pipetted into the assay tubes. The solution in 
each test tube was made up to 1 ml with distilled water and 
2 ml of the appropriate basal medium were introduced into 
all the tubes. The tubes were then covered with a clean drill 
cloth over which a brown paper was placed, and sterilized in 
an autoclave at 15 lb. pressure for 10 minutes. The rack was 
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cooled and the tubes were inoculated as indicated above. After 
incubation at 37°C. for 72 hours, the tubes were steamed for 
10 minutes to destroy the organisms. The various levels were 
then titrated against 0.1 N sodium hydroxide, after mixing the 
solutions of the same level with bromothymol blue (8 mg per 
milliliter) as an indicator. 


RESULTS AND DISCUSSION 


The per cent moisture, crude protein (N X 6.25) and ash, 
respectively, of the various pulses examined were: Bengal 
gram (Cicer arietnum) 10.9, 21.80 and 2.86; red gram (Caja- 
nus indicus ) 3.6,° 25.85, 3.49; green gram (Phaseolus radiatus ) 
3.7,° 26.81, 3.46; black gram (Phaseolus mungo) 8.8, 25.25, 
3.12; cow pea (Vigna catjang) 11.4, 24.60, 3.65; and lentil 
(Lens esculenta) 11.1, 26.57, 2.47. The essential amino acid 
contents of various pulses expressed per 100 gm of flour are 
given in table 1. For each amino acid the range, average and 
average recovery are given. The usual criteria for testing the 
reliability of the assay values, such as the reproducibility of 
the data within + 10% and satisfactory recovery figures of 
added amino acids (i.e., 95 to 105%), were adopted and are 
outlined in the tables. In addition, the values for 4 amino ac- 
ids — phenylalanine, threonine, lysine and histidine — in three 
pulses determined by using two different organisms have been 
found to be in fairly good agreement (table 2). 

In the case of sulfur-containing amino acids, more particu- 
larly methionine, there is evidence in the literature as re- 
viewed by Lugg (’47) to show that losses during acid hy- 
drolysis in the presence of carbohydrates and lipids may be 
such as to seriously influence the results of their estimation. 
Our experience in the present investigation lends further sup- 
port to these views. The method of hydrolysis for the estima- 
tion of methionine was, therefore, altered to overcome this 
difficulty ; enzymic digestion followed by acid hydrolysis for 
a shorter period was found to be the most satisfactory pro- 

* Defatted and dried in the oven and hence the low moisture content. 


*See footnote 8. 
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cedure. With papain alone the liberation of methionine was 
not complete. However, an initial prolonged papain hydroly- 
sis followed by an acid hydrolysis for 6 hours resulted in a 
higher value for methionine in every one of the pulses tested. 
Thus, by acid hydrolysis alone the values for methionine (per 
cent of flour) obtained were: Bengal gram 0.126; red gram 
0.126; green gram 0.141; black gram 0.168; cow pea 0.120; 
and lentil 0.155. But with both papain and acid hydrolysis com- 


TABLE 7% 
, 


Phenylalanine, threonine, lysine and histidine content of three pulses, determined 


by two different organisms 











bere —_ nite RED BLACK GREEN 
AMINO ACID ORGANISM EMPLOYEE ake penne aa 
—- - ; = ita “eal Ts oA = c - 
(I > 2 - - 
| Cast 2? 34 1.50 1.6 
Phenylalanine < 
L. mesenteroides 2.35 1.37 1.57 
P-60 
-L. fermenti 36 0.89 1.09 0.95 
Threonine . 
\S. fecalis R 1.08 0.98 0.93 
L. mesenteroides 1.66 1.52 1.88 
P-60 
Lysine 
_S. feealis R 1.51 1.46 1.81 
rL. Fermenti 36 0.88 0.69 0.72 
Histidine 


-S. fecalis R 0.80 0.65 0.66 


bined the values of methionine were 0.384, 0.244, 0.284, 0.284, 
0.248 and 0.200, respectively, for the same pulses. The en- 
hanced values of methionine in the modified procedure may 
be explained on the basis of a decrease in the destruction of 
this amino acid with shorter hours of acid hydrolysis. 

The concept that the nutritive value of a protein or a pro- 
tein mixture for various functions in the animal body is re- 
lated to the proportions of essential amino acids contained 
in it, is gaining considerable support from the work of Rose 
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(’37, ’50) on dispensable and indispensable amino acids. This 
attaches increased importance to analytical data on the es- 
sential amino acid composition of food proteins for assessing 
their value in nutrition. Adopting the method introduced by 
Mitchell and Block (’46), the percentage deviations in the 
amounts of essential amino acids in different pulses from 
those of whole egg proteins were calculated. For comparison, 
figures for whole wheat and rice were also considered. It was 
found that tryptophan and methionine-cystine are the limit- 
ing amino acids for the pulses, while lysine is the limiting 
one for wheat and rice. For Bengal gram and red gram trypto- 
phan is the limiting amino acid, the deficiency of this amino 
acid as compared with whole egg protein being 69.7% and 
86.6%, respectively, for the two pulses. Methionine and cys- 
tine are the limiting amino acids for green gram (— 74.1%), 
black gram (— 71.7%) and cow pea (— 73.3%). Deficiencies 
in all three amino acids (methionine and cystine — 76.6% and 
tryptophan — 76.4%) limit the utilization of lentils. This 
would suggest that the inclusion of sufficient amounts of vari- 
ous pulses in diets chiefly consisting of rice or wheat will be 
of high supplementary value with regard to the supply of 
essential amino acids to the individual. 

Although the chemical score, according to Mitchell and 
Block (’46), has been found to correlate well with biological 
value, Oser (’51) has introduced a new approach to the ques- 
tion, on the basis that the nutritive value of a protein should 
not be considered as being dependent on a particular amino 
acid but on the whole amino acid spectrum itself. Further, 
it was possible to predict the ‘‘efficiency of utilization’’ of a 
protein by this method. In table 3 are given the chemical 
seore of Mitchell and Block (’46), the essential amino acid 
index (EAA) of Oser (’51) and the reported figures for bio- 
logical value for the various pulses. The biological values 
calculated from the chemical score with the help of the re- 
gression equation of Mitchell and Block (’46) do not differ 
very much from the reported values for three out of 6 pulses 
and the beans investigated; in the case of three others, values 
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obtained from the chemical score are lower than those ob- 
tained by biological assays. However, it may be observed that 
with the exception of cow pea there is better agreement be- 
tween the chemical score and the net available protein, which 
is expressed as the product of the biological value and the 
digestibility coefficient (DC). The essential amino acid index, 
on the other hand, does not seem to bear any relation to the 
chemical seore or the biological value. It was evident from 
the figures of Mitchell and Block (’46) that the correlation 


TABLE 3 


Correlation of chemical score, EAA, index, biological value and digestibility 
coefficient of pulses 





CALCU- 

: 2 EAA INDEX BIOLOGICAL BY x DC LATED 
FOOD PROTEIN —— ouiee LESS vaLUE? —— _ BIO- 

sata ARGININE (BV) 100 LOGICAL 

VALUE * 
Bengal gram 30.3 67 63 78 59 58 
Red gram 13. 57 66 74 46 45 
Green gram 25.9 72 70 64 53 53 
Black gram 28.3 71 70 60 50 55 
Cow pea 26.7 72 69 57 33 54 
23 51 


Lentil 23.5 60 56 58 45 5 





* Essential amino acid. 

* Niyogi et al. (’30—’31, ’31—’32a, b,c) on adult rats. Other references are: Basu 
et al. (’35-—’36), Swaminathan (’37—’38). 

* From the regression equation of Mitchell and Block (46). 


between chemical score and biological value showed greater 
consistency with animal proteins than with vegetable proteins 
in general. Thus, for example, wheat germ proteins, corn 
germ proteins and peanut proteins were rated much lower on 
the basis of their chemical score than on that of their bio- 
logical efficiency. It is difficult to provide any explanation for 
this imperfect correlation. It may perhaps suggest the ex- 
istence of factors other than amino acids which influence the 
utilization of proteins. 
SUMMARY 

1. The essential amino acid composition of 5 common In- 

dian pulses and a legume (Vigna catjang) has been reported. 
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2. Unlike lysine, which is the limiting amino acid for ce- 
reals, the limiting amino acids for pulses were found to be 
methionine, cystine and tryptophan. 

3. The relationship between the chemical score, essential 
amino acid index and biological value is discussed. 
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THE METABOLISM OF FLUORINE IN THE BONES 
OF THE FLUORIDE-POISONED RAT! 
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The bones and teeth have a marked affinity for fluorine 
(Smith et al., ’32; Smith and Leverton, ’34; Kick et al., ’33; 
Chang et al., °34; Pierce, ’38; Wolff and Kerr, ’38; Lawrenz 
et al., °39; McClure, ’39; Hatfield et al., °42; Largent 
et al., °43). Fluorine replaces the hydroxy or bicarbonate 
groups of the apatite crystal, according to Kick et al. (’33), 
Neuman et al. (50) and Megirian and Hodge (’51). This is 
probably the reason fluorine accumulates in the non-growing 
bone. In the growing bone some fluorine is precipitated in 
the apatite form as bone is formed, in addition to that which 
exchanges with the hydroxy apatite. When fluoride is present 
in the diet, the skeleton accumulates it in increasing amounts 
as fluoride intake continues (Kick et al., 33; Chang et al., 
34; Pierce, ’°38; McClure, ’39; Lawrenz et al., ’40; Glock et 
al., °41; Hatfield et al., 42). Human diets containing less than 
1mg of fluoride daily permit the elimination of as much 
fluorine as is taken in over a short period of time (several 
weeks), with a maximum deviation from equil'brium of + 10% 
(Machle et al., ’42). McClure et al. (’45) found essentially 
no retention of fluorine in humans when daily intakes were 
4 to 5mg daily for a short period of time. At a daily intake 
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of 6mg of fluoride, definite retention occurred (Machle and 
Largent, ’43). Humans as well as other animals fed very low 
fluoride diets accumulate fluorine in the bones which increases 
progressively with age (Glock et al., ’°41; Smith et al., ’52). 

Little is known about the turnover of skeletal fluoride. 
Glock et al. (’41) and Savehuck and Armstrong (’51) have 
studied the rate and degree of elimination of skeletal fluorine. 
Glock et al. (’41) fed 200 p.p.m. of fluoride for 32 and 40 weeks. 
After withdrawal of the high fluoride-containing ration there 
was a marked and progressive decrease in the fluorine con- 
centration of the long bones over a period of 14 weeks. They 
reported the fluorine content of the bones as fluorine concen- 
tration rather than as total fluorine present. The results would 
be affected by the dilution effect caused by skeletal growth 
as well as by actual loss of fluorine from the bones. Skeletal 
accretion would effectively ‘‘dilute’’ out the fluorine present. 
As long as animals continue to grow, it is difficult to ascertain 
what part of the decrease in fluorine concentration is caused 
by the ‘‘diluting’’ out effect of bone growth and what actually 
represents fluorine elimination. Data on total fluorine per 
bone must also be included to give a complete metabolic 
picture. 

Savehuck and Armstrong (51) reported on the uptake and 
elimination of fluorine from the skeleton of rats. They fed 
20 p.p.m. of fluoride in the drinking water of young and 
mature rats for 60 days. Animals were removed periodically 
during the fluoride feeding period and after fluoride feeding 
was stopped. They measured the absolute fluorine content of 
specific bones. Among other things, they reported a loss of 
from 10 to 15% of the total fluorine from the humeri on the 
40th day after fluoride feeding was discontinued. The re- 
maining skeletal fluorine was held so firmly by the humeri 
that no appreciable excretion occurred, as shown by fluorine 
analysis at the end of an additional 110 days. 

In our experiments rats were fed a high fluoride-containing 
ration (0.1% NaF) for a relatively short period of time (6 
weeks). At the end of the high fluoride feeding period rats 
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were periodically sacrificed and the total fluorine as well as 
the fluorine concentration of the femurs determined. Bone 
growth was also determined by change in the ashed weight of 
the bones to show more vividly the rapid growth of the bones 
of the animals and the ‘‘diluting effect’’ this growth would 
have. 

EXPERIMENTAL 

Thirty-six weanling 40- to 50-gm female albino rats of the 
Holtzman strain were maintained on a ration containing 0.1% 
sodium fluoride (about 450 p.p.m. of fluorine) for a 6-week 
feeding period. Fourteen control animals of the same size, sex 
and age were placed on the same ration without added fluoride. 
This ration contained three to 5 p.p.m. of fluoride. The com- 
position of the basal ration follows, in pounds: 29 ground 
whole wheat, 25 ground yellow corn, 12 powdered skim milk, 
10 soybean oil meal, 10 linseed oil meal, 8 alfalfa leaf meal, 
5 melted butter, 1 calcium carbonate, 1 whole liver powder 
and 1 iodized salt. 

At the end of 6 weeks the animals receiving the high fluoride 
ration were returned to the low fluoride control diet. Both 
the fluorinated animals and the control animals were main- 
tained on the basal ration thereafter until they were sacri- 
ficed. 

At the end of the 6-week fluoride feeding period, 4 animals 
that had been fed the high fluoride ration and two control 
animals were sacrificed and their femurs removed for fluorine 
analysis. Analyses were made every 4 weeks for a 32-week 
period on the animals which received the high fluoride ration. 
Controls (unfluorinated) were also sacrificed, except in the 
24th and 28th weeks. 

After sacrificing the animals, the femurs were removed and 
prepared for fluorine analysis. The bone fat was extracted 
by continuous extraction of the bones for 24 hours with a 
mixture of equal parts of ethyl aleohol and ethyl ether in a 
Goldfisch Extractor. The bones were then dried in an oven 
at 110°C. for 24 hours or more. The femurs were cooled, 
weighed and then ashed for two and one-half hours at 550°C. 
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in a muffle furnace. Upon cooling, the ashed bones were again 
weighed. The fluorine was then determined by the Willard 
and Winter (’33) perchloric acid distillation procedure as 
modified by the Aluminum Company of America research 
laboratories (’47). 
RESULTS 

The incisor teeth of the fluoride-fed animals became pro- 
gressively chalky, until after 4 weeks they were completely 
so. Growth of the fluoride-fed animals was much less than 
that of the controls. In earlier work it was found that this 
level of fluoride feeding almost completely retarded growth. 
Calcification, as indicated by femur ash weight, was retarded 
in the fluoride-poisoned rat but recovery of skeletal weight 
was complete by the end of the 8th week after removal of the 
dietary fluoride. Thus at 17 weeks of age the skeletons of the 
treated and untreated rats were similarly calcified and com- 
parable in size. Upon removal of the fluoride from the ration 
the incisor teeth of the animals returned to normal in a short 
time. Growth was resumed after a plateau period near the 
end of the 5th week of the high fluoride feeding period. 

Table 1 presents the analysis of the femurs of the fluoride- 
poisoned rats. The ashed weight of the bones was included 
to emphasize the ‘‘diluting’’ phenomenon that results due to 
further calcification and growth of bone. Similar analyses 
of the control animals’ femurs are presented in table 1. 

The fluoride-poisoned animals accumulated an average of 
1.8 mg of fluorine in the femur during the 6-week fluoride feed- 
ing period. Concurrently the fluorine concentration reached 
15,400 p.p.m. of fluorine on a fat-free dry weight basis and 
20,700 p.p.m. of fluorine on an ashed weight basis. At that 
time the average ashed weight of the femurs was 0.0898 gm 
each. The control animals maintained on the low fluoride 
ration (containing 3 to 5 p.p.m. of fluoride) accumulated an 
average of 0.04 mg of fluorine and an average concentration 
of 220 p.p.m. of fluorine on a fat-free dry weight basis and 
310 p.p.m. of fluorine on an ashed weight basis. The average 
ashed weight of the femurs was 0.1179 gm each. After 4 
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weeks of maintenance on a low fluoride ration, the average 
fluorine content of the femur had dropped to 1.2 mg in the 
fluorinated animals. This is a 33% reduction in total fluorine. 
The average fluorine concentration was 5,000 p.p.m. on a 
fat-free dry weight basis and 7,000 p.p.m. on an ashed weight 
basis. This represents a 67.5 and 66% reduction, respectively, 
while the average ashed weight of the femur had increased 
to 0.168 gm each. 

In the next 4-week period after high fluoride feeding was 
discontinued, the average fluorine content of the femur had 
dropped to 10mg. The average fluorine concentration was 
3,000 p.p.m. on a fat-free dry weight basis and 4,000 p.p.m. 
on an ashed weight basis. The average ashed weight of the 
bone had increased to 0.2530 gm, or an increase of 180% in 
the 8-week post-fluorination period. The total fluorine in the 
femur had decreased an additional 16.6% in the second 4-week 
period, a 44% decrease in the 8-week post-fluorination period. 
The over-all drop in parts per million of fluorine on a fat- 
free dry weight basis during the 8 weeks was 80.5%, and the 
drop in parts per million of fluorine on an ashed weight basis 
was 80.5%. 

There was no decrease in total fluorine in the femurs for 
the remaining 24 weeks of the post-fluorination period. In 
fact, a slight increase occurred which corresponded to the 
increase that took place in the control animals. This increase 
in fluorine per femur was from 0.04 mg to 0.2 mg in 32 weeks. 
This increase was due to the small amount of fluoride present 
in the ration fed all animals. 

A decrease in fluorine concentration did occur during the 
remaining 24 weeks in the fluorinated rats. This decrease 
was from 3,000 p.p.m. of fluorine to 2,300 p.p.m. of fluorine on 
a fat-free dry weight basis, and from 4,000 p.p.m. of fluorine 
to 3,250 p.p.m. of fluorine on an ashed weight basis. 

The total per cent decrease in fluorine concentration over 
the 32-week post-high-fluoride feeding period was 85% on a 
fat-free dry weight basis and 84.5% on an ashed weight 
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basis. The average ashed weight of the femurs had increased 
from 0.0898 gm to 0.3328 gm, a 270% increase. 

The concentration of fluorine in the control rats’ femurs 
increased from 225 p.p.m. of fluorine to 350 p.p.m. on a fat- 
free dry weight basis, a 55% increase, and from 310 p.p.m. 
of fluorine to 510 p.p.m. on an ashed weight basis, a 64% 
increase. The ashed weight of the femurs increased from 


0.1179 gm to 0.3640 gm, a 210% increase. 


DISCUSSION 


Growing animals incorporate a large amount of fluorine in 
the skeleton when a high fluoride-containing ration is fed. 
When such a ration is replaced with one containing very 
little fluoride, fluorine is lost from the femur. The initially 
high amount of fluorine and high concentration of fluorine 
drop rapidly and then level off. 

The drop in total fluorine amounted to 33% during the first 
4 weeks. Thereafter an additional decrease in total fluorine 
at a slower rate in the next 4 weeks resulted in an over-all 
drop of 44% 8 weeks after the high fluoride feeding was 
discontinued. However, there was no further measurable 
decline during an additional 24 weeks. 

These studies indicate that there are two types of deposits 
in the skeletal structures of the body, a readily metabolizable 
store of bone salts with fluorine and a relatively inert fraction. 
A portion of the femur is made up of salts which are rela- 
tively fixed or not rapidly metabolized. The turnover rate of 
compact bone may be such that three to 5 p.p.m. of dietary 
fluoride in the normal ration replace that which is metabo- 
lized in the compact portion of the femur. Singer and Arm- 
strong (’51) have shown an unequal distribution of calcium 
in the bones by radioactive calcium studies. The time re- 
quired for elimination of the radioactive calcium depended 
upon the location of the calcium in the bone itself. 

Further work is under way to determine the effect of rapid 
storage of fluorine in the skeleton and its subsequent removal 
from the rat femur by dietary means. 
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These data indicate that the high concentration of fluorine 
in the femur of the rat does not return to normal even after 
32 weeks of feeding a low fluoride-containing ration. 

The fluorine concentration of the femur was reduced as 
a result of two phenomena: (1) the total amount of fluorine 
decreased, and (2) the size of the bone itself increased as 
well as the mineral content of the bone. The increase in size 
was approximately 3} times that of the femur of its litter- 
mate control removed at the end of the period of high fluorine 
supply. The increased size and increased mineral deposition 
of the bone salts of the femur actually caused a dilution effect 
upon the concentration of the entire femur. Hence these data 
suggest that in experiments of this type the total fluorine con- 
tent of the femur is a better criterion for measuring fluoride 
than is the fluorine content expressed on a percentage basis. 


SUMMARY 


The elimination of fluorine from the femur of the young 
female rat fed a fluoride-containing diet has been studied. 

It was found that the total fluorine in the femur of such a 
young rat was reduced approximately 44% during the first 
8 weeks after the period of high fluoride intake. The residual 
fluorine in the femur was not further reduced appreciably or 
changed after this initial drop at the end of 8 weeks. There- 
after it remained fairly constant for the additional obser- 
ration period of 24 weeks. Control animals which were not 
fed a high fluoride ration but which subsisted on a diet con- 
taining only three to 5p.p.m. of fluorine continued to store 
this element in the femur during the entire observation period 
of 32 weeks. 
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Investigations in recent years have demonstrated that pan- 
tothenie acid occurs in cells primarily as coenzyme A, and 
that treatment of coenzyme A concentrates with an avian 
liver-intestinal phosphatase mixture affords complete release 
of pantothenic acid for microbiological analysis (Novelli et 
al., 49). Although some attention has been given to applying 
these techniques to crude samples of varying pantothenic 
acid potency (Nielands and Strong, ’48; Novelli and Schmetz, 
51), it was of importance to extend these studies to devise 
a system for the effective release of pantothenic acid from 
bound forms in animal tissues. Since the earlier methods 
did not release all the pantothenic acid from coenzyme A 
(Nielands and Strong, °48), the existing data on the panto- 
thenie acid content of foods require re-evaluation. 

It was the purpose of the present study, therefore, to devise 
an enzyme system that effectively released pantothenic acid 
from coenzyme A and from animal tissues, and to apply this 
procedure to the determination of pantothenic acid in organ 
and muscle meats. 

1 Journal Paper 74, American Meat Institute Foundation. 


We are indebted to Armour and Company for supplying the coenzyme A con- 
centrate, pigeon liver, pork, rat and lamb kidney acetone-powder preparations 


used in this study. 
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EXPERIMENTAL 
Enzyme preparations 


A number of enzyme preparations were tested for their 
effectiveness in replacing the pigeon liver preparation. These 
included Dowex-2-treated pigeon liver (Novelli and Schmetz, 
51), hog kidney extracts, to reduce the pantothenic acid 
content of the enzyme preparations, and hog and lamb kidney 
acetone powders which would be available in greater quanti- 
ties than would the pigeon liver preparation. In the earlier 
phases pigeon liver (either with or without Dowex treatment) 
was used; however, Dowex-treated hog kidney was used in 
later work because of the greater availability of this enzyme 
source. 

The enzyme preparations were made as follows: 

1. Pigeon liver powder. A one-10 extract of the powder 
was made with 0.02 M NaHCO,. After thorough mixing, the 
preparation was centrifuged and the supernatant liquid used 
as the enzyme source. This preparation was made each day 
an experiment was conducted or quick frozen in 4- to 5-ml 
aliquots and stored for future use. 

2 Pigeon liver, Dowex treated. The procedure of Novelli 
and Schmetz (’51) was used. 

3. Hog kidney extract. A one-4 water extract of fresh hog 
kidney used in releasing folic acid from meats (Andrews and 
Schweigert, 53) also was used in these studies. The one-4 
extract was used directly in replacing the pigeon liver prepa- 
ration. The extract had been stored at — 30° for one year 
prior to use in these experiments. 

4. Hog kidney extract, Dowex treated. The extract was 
treated with Dowex resin in a manner similar to that used 
for the pigeon liver preparations. The dilution incurred 
during this treatment was recorded in order to calculate the 
comparative enzymatic potency of untreated and treated 
preparations. 

5. Acetone powders of hog, rat and lamb kidney. Hog kid- 
ney was tested with and without Dowex treatment and extracts 
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were made (see no. 1) of the other two preparations and used 
directly. 

6. Intestinal phosphatase preparation. The intestinal phos- 
phatase preparation was homogenized in distilled water and 
diluted to a concentration equivalent to 250 Schmidt-Thann- 
hauser units of enzyme activity per milliliter. The original 
preparation had a stated potency of 15 Schmidt-Thannhauser 
units per milligram. 


Enzyme system for the release of pantothenic acid 


The enzyme system finally adopted consisted of the follow- 
ing: 0.2 ml intestinal phosphatase preparation, 1.25 ml Dowex- 
treated hog kidney extract, 0.1 ml of 0.1M NaHOOQ,, 0.5 ml 
sample and distilled water to make up to 2 ml total volume. 

The incubations were carried out at 37°C. in a water bath 
for 4 hours, and the samples diluted to 5ml with distilled 
water and stored in the refrigerator prior to assay. Aliquots 
were then diluted with distilled water to an appropriate 
volume for assay with Lactobacillus arabinosus as the test 
organism. In the early phases of the work, the amounts of 
pigeon liver or hog kidney, intestinal phosphatase, bicarbonate 
buffer, sample (coenzyme A, yeast, liver, kidney and muscle) 
and total volume were varied in individual experiments. b'rom 
these studies the final system was devised and used in sub- 
sequent experiments. 

The exact amount of Dowex-treated hog kidney or pigeon 
liver used was ascertained after assaying a standard coen- 
zyme A preparation and yeast extract. The pH of the final 
incubation mixture was 7.1 to 7.3. 


Sample preparation 


The coenzyme A preparation was homogenized in buffer 
(pH 6.8) and aliquots used directly for enzymatic release. 
The coenzyme A preparation used had a stated potency of 
9.4 units of coenzyme A activity per milligram and each unit 
is equivalent to 0.65 pg of pantothenic acid. One- to two-gram 
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samples of muscle and organ tissues were homogenized in 
a Potter-Elvehjem homogenizer with 9 parts of distilled water, 
heated in a boiling water bath for three to 5 minutes to in- 
activate any enzymes present, and rehomogenized. Aliquots 
that contained from one to 6 yg of pantothenic acid were used 
in the incubation mixture. All samples were stored at — 10°C. 
prior to assay and the detailed descriptions of the sample 
preparation and proximate composition are presented else- 
where (Scheid et al., 52, 53; Dabkiewicz et al., ’53). 


Microbiological assay 


The pantothenic acid potency of the samples was deter- 
mined with Lactobacillus arabinosus 17-5 as the test organ- 
ism (Association of Vitamin Chemists, 51). For comparative 
purposes the pantothenic acid potency was determined with 
Lactobacillus casei e as the test organism in certain experi- 
ments. 

RESULTS AND DISCUSSION 


With the enzyme system finally adopted, considerable at- 
tention was given to comparing the effectiveness of the differ- 
ent enzyme preparations in releasing pantothenic acid. The 
pigeon liver preparation was tested first and, although effec- 
tive, the blank correction was very high, particularly for the 
lower potency samples (see values for beef ribeye, table 1). 
After the report of Novelli and Schmetz (’51) was available, 
Dowex treatment of the pigeon liver preparation was investi- 
gated and this circumvented the problem. However, it ap- 
peared worthwhile to test other enzyme sources that were 
available in larger quantities. Such a preparation (hog kid- 
ney extract) was available and the high blank for this prepa- 
ration also was reduced by Dowex treatment (table 1). Ex- 
tensive studies demonstrated that appropriate levels of each 
of these preparations were equally effective (table 1). Graded 
levels of the enzyme preparation were tested to assure maxi- 
mum actual and theoretical liberation of pantothenic acid from 
eoenzyme A. A limited number of tests also showed that 
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acetone powder preparations of hog, lamb or rat kidney were 
suitable as enzyme sources (table 1). 

In addition to these tests, the pantothenic acid content of a 
number of samples was determined with the level of sample 
varied. These data showed that the enzyme system was ade- 
quate and would release the maximum amount of pantothenic 
acid from a wide range of samples of different pantothenic 
acid potency. The coenzyme A preparation and the dried 
brewers’ yeast were used as reference samples in each series 
of experiments. The majority of the samples used in the 
enzymatic release of pantothenic acid contained 2 to 3 ug of 
bound pantothenic acid. 

It appeared desirable to ascertain at this point if more 
pantothenic acid was being released than would be obtained 
with enzyme preparations used previously (Mylase P). Such 
a comparison was made and less pantothenic acid was released 
by Mylase P (Association of Vitamin Chemists, °51), par- 
ticularly from coenzyme A, kidney and liver, than was released 
by the other enzyme preparations. It is pertinent to point 
out here that significant quantities of pantothenic acid (up to 
50% of the total) in the meat samples were available to the 
test organism before enzymatic treatment, indicating that 
considerable breakdown of coenzyme A and other bound 
forms occurred during sample preparation and storage. 

A further evaluation of the enzymatic procedures was made 
by comparing the values obtained with two test organisms, 
Lactobacillus arabinosus and Lactobacillus casei. This eri- 
terion was of particular value since pantethine is two and one- 
half times as active for L. casei as for L. arabinosus (Craig 
and Snell, 51) and, if incomplete splitting of pantethine had 
occurred, the pantothenic acid potency of the samples would 
be higher for L. casei. 

Excellent agreement in the assay values was obtained with 
the two test organisms and this provided further evidence of 
the effectiveness of the enzyme system in releasing panto- 
thenic acid from the samples. Recovery of pantothenic acid 
added to the incubation mixtures also was excellent. The 
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variation in the values obtained for the experiments with the 
iwo test organisms or with different levels of the sample did 
not exceed + 5%. 

In view of these considerations, the studies were extended 
to analyses of various organ and muscle meats for panto- 


TABLE 2 


Pantothenic acid content of organ meats 














SAMPLE ! AMOUNT SAMPLE AMOUNT 
ug/gm na/gqm 
Beef liver 64.5 Pork kidney 31.2 
Beef liver 81.8 Pork kidney 31.4 
Beef liver (cow) 70.6 Pork heart 23.9 
Beef liver (cow) 56.6 Pork heart 26.4 
Beef kidney 33.1 Pork brain 24.6 
Beef kidney 35.1 Pork brain 31.4 
Beef heart 21.0 Pork pancreas 44.3 
Beef heart 24.7 Pork pancreas 46.8 
Beef brain 21.4 Pork lung 9.0 
Beef brain 28.6 Pork lung 9.0 
Beef pancreas 42.2 Pork spleen 9.4 
Beef pancreas 33.8 Pork spleen 11.7 
or need med Lamb liver 81.4 
eef lung 10.3 : 
ail then 111 Lamb kidney 43.3 
P ¢ 
Beef spleen 13.5 Lamb heart 30.0 
ae Lamb brain 26.4 
Pork liver 58.8 Lamb pancreas 34.7 
Pork liver 73.0 Lamb lung 12.0 
Pork liver (sow) 65.5 Lamb spleen 14.9 
Pork liver (sow) 66.6 





* Composite samples of beef and pork organs were obtained from two different 
companies, and lamb organs from one company (see Scheid et al., ’53). 


thenic acid. These results are reported in table 2. The organ 
meat samples studied were beef, pork and lamb liver, kidney, 
heart, brain, pancreas, lung and spleen. Composite samples 
of beef and pork organs were obtained from each of two 
companies, and lamb organs from one company. Samples of 
liver from older animals were also available in the case of 


beef and pork. 
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From the data presented in table 2 it is evident that liver, 
kidney and pancreas are the richest sources of pantothenic 
acid, heart and brain are intermediate, and lung and spleen 
are the lowest among the organ meats in pantothenic acid 
content. The latter organ meats contain approximately twice 
the level of pantothenic acid present in muscle, however (tables 


TABLE 3 


Pantothenic acid content of muscle cuts and the retention of pantothenic 
acid during cooking 











WEIGHT % 
SAMPLE OF CUT MG P.A. TOTAL WO RETENTION 
IN GRAMS PER GRAM P.A-INCUT I~ THE MEAT 
Beef rib steak 
Fresh 761 4.4 3.34 a 
Cooked 475 4.6 2.18 65 
Fresh 823 4.2 3.46 3 
Cooked 555 5.0 2.77 0 
Fresh 442 4.2 1.86 16 
Cooked 283 5.0 1.42 ’ 
Fresh 429 3.8 1.63 - 
Cooked 290 4.8 1.39 . 
Fresh beef rib steaks 5,815 3.9 22.7 25 
Cooked beef rib steaks ' 3,775 4.5 17.0 . 
Fresh ham 3,570 7.2 25.7 51 
Cooked ham * 2,390 5.5 13.2 
Fresh lamb leg 6,055 .9 35.7 58 
Cooked lamb leg‘ 3,680 5.0 18.4 





‘In these tests the drippings were incorporated in the samples and results are 
for the percentage of pantothenic acid in the meat plus drippings. 


2 and 3). Fair agreement in the values for the two composite 
samples of organ meats was obtained. No marked differences 
in the pantothenic acid content of beef as compared to pork 
or lamb organ meats were evident. 

Certain paired samples of fresh and cooked meat cuts were 
available and the retention of pantothenic acid during cooking 
was determined. The drippings after cooking were not avail- 
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able for 4 pairs of rib steaks; therefore the retention of panto- 
thenic acid was calculated in the meat alone for these samples. 
The total retention in beef, pork and lamb cuts (the drippings 
were incorporated into the samples) was determined for other 
samples, and the results on the pantothenic acid content of 
the fresh and cooked cuts and the retention after cooking are 
presented in table 3. It is evident from these data that some 
loss of pantothenic acid occurred during cooking. Approxi- 
mately 80% of the pantothenic acid was retained in the meat 
during broiling of rib steaks, and in the one comparison with 
the drippings included in the sample, the retention was 75%. 
Approximately 50% of the pantothenic acid was retained in 
the meat + drippings during roasting of ham or lamb leg. 
The magnitude of the loss of pantothenic acid in these cases 
is sufficient to warrant further experimentation on this point. 

The values obtained in the present study have been com- 
pared with those cited in the literature using earlier methods 
for the release of pantothenic acid. It is recognized that 
many of the earlier analyses were made on single samples 
and, in many cases, the samples apparently were not heat- 
inactivated prior to enzyme treatment. The enzymes in the 
raw meat may have been responsible for releasing the majority 
of the pantothenic acid (see table 1). 

Although published data on the pantothenic acid content 
of meats obtained by earlier methods of release (autolysis, 
Mylase P, pancreatin, ete.) are limited, fair agreement in 
some of the data with the results presented here may be noted. 
The magnitude of the increase in pantothenic acid potency 
observed in the present study over that observed by earlier 
methods is not as great as that reported by Nielands and 
Strong (’48) for other biological materials. 


SUMMARY 


An enzyme system was devised for the release of pantothenic 
acid from animal tissues. Lactobacillus arabinosus was used 
as the test organism. In the initial tests, intestinal phos- 
phatase and pigeon liver preparations were used as the en- 
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zyme sources. Subsequent studies revealed that other enzyme 
preparations available in larger quantities (hog and lamb 
kidney) could replace the pigeon liver preparation. Dowex 
treatment of these preparations effectively removed the panto- 
thenic acid and this circumvented the high blanks observed 
for the crude preparations. Dowex-treated hog kidney was 
used as the enzyme source in subsequent experiments. 

Studies with different levels of enzyme and of different 
samples (coenzyme A concentrate, yeast and organ meats), 
recovery experiments, and the use of two different test organ- 
isms demonstrated the reliability of the enzyme system used. 
The pantothenic acid content of coenzyme A, organ and muscle 
meats obtained with this method was higher than that ob- 
tained by earlier methods (Mylase P digestion). 

The pantothenic acid content of composite samples of beef, 
pork and lamb organs was determined. Liver, kidney and 
pancreas were shown to be the richest sources of pantothenic 
acid, heart and brain were intermediate, and lung and spleen 
were lowest in pantothenic acid content. The latter organs 
contain approximately twice the amount of pantothenic acid 
found in pork, beef or lamb muscle cuts. 

A limited number of cooking tests were conducted with 
pork, beef and lamb muscle cuts and 50 to 85% of the panto- 
thenic acid in the uncooked cuts was retained after cooking. 
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MOLYBDENUM TOXICITY IN THE RABBIT? ? 
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The toxic role of molybdenum has been demonstrated in 
several animal species. Abnormalities caused by molybdenum 
have been observed under natural grazing conditions in cer- 
tain areas (Ferguson et al., °38; Britton and Goss, ’46; Cun- 
ningham, ’50). Similar abnormalities have been produced ex- 
perimentally in farm and laboratory animals (Ferguson et 
al., ’°43; Ferguson, *44). Molybdenum improves the growth 
of some plants and its potential use in commercial fertilizers 
may extend the problem to areas not now affected. 

The mode of action of molybdenum in the animal body is 
unknown. Although the toxic action may be alleviated with 
supplemental copper (Cunningham, ’50; Ferguson et al., 43; 
Ferguson, ’44), the physiological relationship between these 
two elements has not been explained. Animal species vary 
with regard to their tolerance for molybdenum and in mani- 
festation of the toxic symptoms. Cattle and sheep are more 
subject to the toxic effects than are horses and swine (Fer- 
guson et al., ’38; Britton and Goss, ’46). The characteristic 
symptoms in ruminants are loss of weight, diarrhea, anemia 
and death. In cattle there is a change in the color of the hair 
coat (Barshad, ’48; Britton and Goss, ’46; Cunningham, ’50), 

‘Florida Agricultural Experiment Station Journal Series, No. 167. 
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295 











296 L. R. ARRINGTON AND G. K. DAVIS 


and in some cattle and sheep conditions indicative of abnor- 
mal phosphorus metabolism have been observed (Davis and 
Hannan, ’47; Davis, 50; Thomas and Moss, ’51). Investiga- 
tions using laboratory animals have demonstrated toxic ef- 
fects upon rats (Neilands et al., 48; Comar et al., 49; Gray 
and Ellis, 50) and guinea pigs (Fairhall et al., 45). The toxic 
symptoms produced in these species were not identical to the 
conditions observed in cattle and sheep. 

The purpose of the present paper is to describe the effects 
of excess molybdenum upon rabbits. The gross symptoms of 
toxicity are described ; the effects of molybdenum upon growth 
and certain blood constituents are included and the relation- 
ship of molybdenum to copper is presented. 


EXPERIMENTAL 

Forty Dutch rabbits of both sexes and of different ages were 
used as experimental animals. Nine rabbits served as controls 
and 31 were fed sodium molybdate (Na,MoQ,-2H.O) added to 
a commercial ration * in amounts which provided 0.014, 0.05, 
0.1, 0.2 and 0.4% molybdenum. The basal ration contained 
2.7 p.p.m. molybdenum and 16.4 p.p.m. copper by analysis, 
using the thiocyanate method for molybdenum and the car- 
bamate method for copper (Sandell, ’44). Molybdenum was 
added to the pellets by spraying on an aqueous solution of the 
salt. Experimental rations were fed ad libitum and small 
quantities of fresh green feed were given weekly. 

The rabbits were housed in wire cages in an open barn 
with natural ventilation and without artificial heat. Animals 
were examined daily for appearance of gross symptoms of 
toxicity, and growth data were collected from weekly weights 
of 24 weanling rabbits placed on the experiment at 6 weeks 
of age. 

Hemoglobin concentrations were determined at two-week in- 
tervals using the acid hematin method, and erythrocytes were 
counted periodically in a portion of the animals in each ex- 
perimental group. When toxic symptoms appeared, these 


*Staf-O-Life Rabbit Pellets. 
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analyses were made more often in order to follow more 
closely the blood changes. Blood samples were taken from 
the marginal ear vein. 

Two additional weanling rabbits were fed a ration which 
contained 0.2% molybdenum and 0.02% copper. This quan- 
tity of molybdenum had produced toxicity in other rabbits 
when no additional copper was supplied. Three other rab- 
bits which were receiving high levels of molybdenum were 
given supplemental copper after symptoms of molybdenum 
toxicity had developed. In these cases clinical manifestations 
of the toxicity were allowed to progress in the rabbits until 
it appeared that they would no longer survive without treat- 
ment. At this time they were given a drench of copper sul- 
fate solution containing 0.05 gm CuSO,-5H,O in 10 ml water. 
Thereafter they were supplied drinking water which contained 
0.1 gm CuSO,-5H,O in 500 ml water. 


RESULTS 
Gross symptoms of toxicity 


Rabbits which were fed 0.1% or more molybdenum devel- 
oped a toxic syndrome which was characterized by anorexia, 
loss of weight, alopecia, slight dermatosis, anemia and death. 
In some young rabbits an abnormality of the front legs de- 
veloped. A summary of the toxic symptoms is presented in 
table 1. Manifestations of the toxicity became apparent in 
young rabbits within approximately 4 weeks, but longer pe- 
riods of time were required before toxicity appeared in ma- 
ture animals. 

In all of the affected rabbits, with two exceptions, the con- 
dition became progressively worse until the animal died or 
was given copper therapy. Two young rabbits which were re- 
ceiving 0.1% molybdenum developed moderate symptoms of 
the toxicity but spontaneously, yet gradually, recovered. The 
explanation for this is difficult, but it should be observed that 
the intake of molybdenum was borderline in relation to the 
production of toxicity in mature rabbits. The appearance of 
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toxic symptoms in these two rabbits was delayed, and re- 
covery was slower than for rabbits which were treated with 
copper. 

Alopecia was common in affected rabbits and was accom- 
panied by slight dermatosis with rough, dry, scaly skin (fig. 





Fig. 1 Alopecia in rabbits receiving 0.1% dietary molybdenum. Rabbit no. 


385 (left) after 4 weeks on the experimental ration. Rabbit no. 343 (right) after 
13 weeks on the experimental ration. 
IES 





Fig. 2 Front leg abnormality of rabbits receiving dietary molybdenum. Rab- 
bit no. 385 (left) received 0.1% molybdenum. Photograph made after 5 weeks 
on the experiment. Rabbit no. 312 (right) received 0.2% molybdenum. Photo 


graph made after 7 weeks on the experiment. 


1). There was complete loss of the hair over various portions 
of the body and in some cases denudation spread over the 
greater portion of the body area. 

A deformity of the front legs occurred in 7 of the 14 young 
rabbits which exhibited other symptoms of toxicity. This ab- 
normality was first observed as an apparent soreness or weak- 
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ness, which progressed until the animals were unable to main- 
tain their weight and the legs spread outward (fig. 2). The 
ability to move the forelegs was not lost, but they could not 
be maintained in the normal position. In three of the cases, 
one or both feet also bent inward at the carpus joint. This 
joint had shifted out of place, the articular surface of the ra- 
dius was exposed, and tendons were slipped out of normal 
position. In one rabbit severe bending and twisting of the 


TABLE 2 


Hemoglobin and red blood cell counts of individual rabbits 


RABBIT . WEEK OF » 7 : ERYTHROCYTES 
me. BATION EXPT. macetenrx © (millions) 
331 Control 12 13.2 6.16 
341 Control 7 15.0 6.42 
301 Control 17 14.5 5.79 
906 Control 17 12.0 5.08 
333 0.1% Mo. 13 3.5 1.55 
353 0.1% Mo. 7 6.3 3.39 
382 0.1% Mo. 5 6.3 3.16 
385 0.1% Mo. 3 8.0 3.40 
335 0.2% Mo. 5.5 1.89 
344 0.2% Mo. 17 7.3 3.50 
386 0.2% Mo. 13 3.2 1.20 
909 0.2% Mo. 4.5 1.53 


*Grams per 100 ml blood. 
* Cells per cubic millimeter. 


humerus was observed. It could not be determined whether 
the leg weakness caused the tendon to shift, or whether the 
slipped tendon might have been the cause of the weakness. 


Growth 


The growth of weanling rabbits was retarded when 0.1% 
or more molybdenum was present in the ration, while levels 
of molybdenum below this amount did not alter the growth 
rate. It should be observed that the growth rate was affected 
only in those rabbits which developed other symptoms of 
toxicity. It appears that the presence of molybdenum in the 
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ration in amounts below that required to produce gross toxic 
symptoms did not retard the growth rate. 


Hemoglobin and erythrocytes 


The gross symptoms of toxicity which have been described 
were accompanied by a decreased hemoglobin concentration 
and a decreased number of red blood cells. In table 2 data 
are presented representing the hemoglobin and red blood cells 
of selected representative rabbits. The first changes in these 
blood constituents were observed at the same time that other 
evidences of toxicity appeared. They continued to decrease, 


TABLE 3 


Effects of copper therapy upon weight and hemoglobin of rabbits affected 
with molybdenum toxicity 


RABBIT NUMBER 


333 382 385 


TIME AFTER 

















TREATMENT am. ; : — 
Weight Hemoglobin Weight Hemoglobin Weight — 
gm gm/100 ml gm gm/100 ml gm 1 = ‘. 
Initial 1,144 3.5 853 5.4 907 7.5 
1 week 1,137 7.0 915 9.0 944 10.5 
2 weeks 1,204 10.0 933 11.0 
3 weeks 1,362 10.8 1,080 12.7 
4 weeks 1,296 10.3 
5 


weeks 1,448 12.6 1,276 13.0 





with the two exceptions noted, until the animals died or were 
given copper therapy. 


Relationship to copper 


The rabbits which were fed the ration containing 0.2% mo- 
lybdenum with 0.02% added copper failed to develop the dis- 
orders which were characteristic of the other rabbits fed a 
comparable amount of molybdenum without copper. No ab- 
normalities which could be attributed to molybdenum were 
observed over a period of 4 months in the rabbits which were 
given this ration. 











302 L. R. ARRINGTON AND G. K. DAVIS 


The three rabbits which were treated with copper when 
their condition was severe responded rapidly to the copper 
therapy. In table 3 are data representing some of the changes 
which followed the initiation of copper therapy. The return 
to normal weight gains, normal blood constituents and hair 
coat was generally complete in two to three weeks. Red blood 
cell counts from one of the rabbits following copper therapy 
showed an increase in erythrocytes corresponding to the in- 
crease in hemoglobin concentration. 

The front leg deformity, present in two of the rabbits which 
were given copper treatment, responded only slightly to cop- 
per. There appeared to be some strengthening of the legs, 
but only slight return to the normal position. This foreleg ab- 
normality was the only symptom of toxicity which was not 
corrected with supplemental copper. 


DISCUSSION 


In evaluating the effects of dietary molybdenum in this ex- 
periment, it is necessary to consider the relatively high level 
of copper in the basal ration. With this intake of copper, a 
greater tolerance for molybdenum should be expected. There 
is also some evidence that vitamin B,. may protect the ani- 
mal against molybdenum toxicity. When 0.3% molybdenum 
was fed in a similar ration containing an antibiotic and vita- 
min B,. feed supplement, the toxic symptoms could not be pro- 
duced (Arrington and Davis, ’52). 

Two differences were observed between the symptoms of 
toxicity produced in rabbits and those observed in ruminants. 
Diarrhea was not present in rabbits, and there was no change 
in the color of the hair coat. Since these two conditions are 
characteristic of the toxicity produced in cattle, and diarrhea 
is common in the syndrome of sheep, a species difference in 
the manifestation of the toxicity as well as in tolerance to 
molybdenum is apparent. 

The symptoms of copper deficiency and molybdenum tox- 
icity are similar and often difficult to distinguish. Alopecia, 
achromotricia, dermatosis and anemia are symptoms of sim- 
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ple copper deficiency in the rabbit (Smith and Ellis, ’47). 
These conditions, with the exception of achromotricia, were 
observed in molybdenum-toxic rabbits. Since alopecia was 
severe in some cases, it is possible that achromotricia was 
present but masked. In less severe cases of toxicity, how- 
ever, no achromotricia could be noted. 

The front leg abnormality caused by molybdenum toxicity 
was compared with the crooked front legs produced in rabbits 
as a result of manganese deficiency (Smith et al., ’44). In 
the manganese-deficient rabbit there was bowing of the radius 
and ulna and it appeared likely that in the living animal a 
weakness of the carpus exaggerated the deformity. Bowing 
of the radius and ulna was not characteristic of the deformity 
produced with molybdenum, but an abnormality in the car- 
pus was observed. Bone measurements and analyses were not 
made in this experiment, so comparisons beyond gross obser- 
vations could not be made. The leg deformities in these two 
experiments did not appear to be identical, but the results 
do not eliminate the possibility that manganese deficiency is 
involved in molybdenum toxicity. 


SUMMARY 


Dutch rabbits were fed molybdenum added as sodium mo- 
lybdate (Na.MoO,-2H.O) to a commercial ration. When 0.1% 
or more moly>denum was fed, gross toxic symptoms were pro- 
duced. The toxic syndrome was characterized by anorexia, 
loss of weight, alopecia, dermatosis, anemia and death. In 
some young rabbits a deformity of the front legs developed. 
The addition of copper to the ration prevented the develop- 
ment of toxicity and the administration of copper caused rapid 
recovery in rabbits with severe toxic symptoms. 
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Symptoms of vitamin A deficiency commonly observed 
among Chinese people (Hou, °49) result from limited vita- 
min A intakes supplied primarily by carotene from vegeta- 
bles, which Fraps and Meinke (’45) showed to be less weil- 
utilized than preformed vitamin A from animal sources. 
Therefore methods of improving the utilization, as well as 
increasing the amount, of carotene in the Chinese diet are of 
practical significance. 

Carotene utilization has been increased by substances, such 
as tocopherols, lecithin and ascorbic acid, which protect caro- 
tene from oxidation. Guggenheim (’44) showed that the to- 
copherol contents of different oils used to dissolve carotene 
directly influenced its utilization. Other anti-oxidants, such 
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for the degree of Doctor of Philosophy. 
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as sesamol in sesame oil (Budowski et al., ’50) and alkali- 
labile anti-oxigenic substances in soybean oil (Golumbie, ’42), 
augmented the anti-oxidant action of tocopherols. Vegetable 
oils, which contribute most of the fat in the Chinese diet, are 
the chief sources of tocopherols, soybean oil being a much 
richer source than either peanut or sesame oil (Harris et al., 
50). Soybean oil and other soybean products common in the 
Chinese diet are also rich sources of lecithin, which, in its 
crude form, was shown by Esh and Sutton (’48) to increase 
carotene utilization by rats. Ascorbic acid, which is provided 
in varying amounts by vegetables in the Chinese diet, acts as 
a synergist with anti-oxidants and might be expected to im- 
prove carotene utilization. Although Mayer and Krehl (’48) 
showed that the vitamin C nutritional status of rats was 
impaired during vitamin A deficiency, Guerrant (’48) supple- 
mented the diet with crystalline ascorbic acid without im- 
proving the growth response of rats during either the de- 
pletion or the subsequent vitamin A feeding period. 

Two experiments were planned to aid in solving the prob- 
lem of inadequate amount and utilization of potential vita- 
min A sources in the Chinese diet, by studying: (1) the effects 
on carotene utilization of different oils, lecithin and ascorbic 
acid; and (2) differences in the utilization of carotene from 
three common Chinese vegetables. 


EXPERIMENTAL 


Male weanling rats of the Sprague Dawley strain were de- 
pleted on a purified diet containing peanut oil, which was 
similar to the U.S.P. vitamin A test diet. Depletion of vita- 
min A reserves was measured by cessation of growth and ap- 
pearance of eye symptoms. Rats depleted of vitamin A in 17 
to 26 days were assigned 7 to a group, and depletion was 
verified by sacrificing one rat from each group for analysis 
of liver vitamin A stores. During the next 4 weeks rats were 
fed the various carotene-supplemented diets, and the night 
prior to being sacrificed they were fed a purified vitamin A- 
free diet. 
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Experiment A tested the comparative efficiencies of soy- 
bean, peanut and sesame oils as carriers for crystalline caro- 
tene. It also tested the effect on carotene utilization of adding 
0.1% ascorbic acid or 1.0% lecithin to the diet containing 
soybean oil. The carotene and tocopherol contents of the 5 
diets used in experiment A are shown in table 1. 

Experiment B used foods in the typical Chinese diet as 
sources of carotene, fat, lecithin and ascorbic acid. The Chi- 
nese diet, based on the Food and Agriculture Organization’s 
estimation of the average prewar Chinese diet, was composed 
of 53% whole wheat flour, 15% root vegetables, 2% salt mix- 
ture, 9% soybean flour, 16% leafy vegetables, 3% lean pork 
and 2% soybean oil. In diet 1, Irish potato was the root vege- 
table and cabbage the leafy vegetable. To supply a source of 
carotene, part of the Irish potato was replaced by carrot in 
diet 2, and by sweet potato in diet 3. In diet 4 cabbage was 
replaced by a Chinese green-leafy vegetable called ‘‘ woo-chei- 
pei’’ in Chengtu, China. In diet 5 a combination of carrot, 
sweet potato and green vegetable was used as the carotene 
source. The carotene, ascorbic acid and tocopherol contents 
of these 5 Chinese diets are also shown in table 1. Meat and 
vegetables were cooked in a pressure cooker and macerated in 
a Waring Blendor. Prepared diet was stored in a home freezer 
for a maximum period of 6 weeks. 

Serum vitamin A values were determined by the micro- 
method described by Bessey et al. (’46). Liver vitamin A 
values were determined by a modification of the same method 
applied to a solution of the whole liver saponified in alcoholic 
potassium hydroxide. 

Carotene was extracted from the purified diet with 30% 
acetone in Skelly-solve B (Silker et al., 44), and from the 
Chinese diet with a foaming mixture in a Waring Blendor 
(Wall and Kelley, ’43). The Skelly-solve B layer was passed 
through an absorption column (1 MgO:3 Hy-flo Supercel), 
and carotene was eluted with 3% acetone in Skelly-solve B. 
Eluate was diluted to 100 ml with solvent and total carotene 
content was determined by optical density at 436 mu. 
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TABLE 1 


Composition of diets used in supplemental periods 











EXP. ASCORBIC i 
_ . COPHER 
NO. DIETARY VARIABLE CAROTENE our TOCOPHEROL 
mg/kg diet mg/kg diet mg/kg diet 


A. Purified diet containing crystalline carotene * 


1. Soybean oil * (1) 6.3° 27.5 
(2) 6.2 
2. Sesame oil * (1) 6.3 11.5 
(2) 5.7 
3. Peanut oil ® (1) 6.9 7.5 
(2) 5.5 
4. Soybean oil + (1) 6.5 1,000.0 27.5 
0.1% aseorbie acid (2) 5.7 
5. Soybean oil + (1) 6.9 27.5 
1.0% lecithin 2) 7.0 
B. Chinese diet containing soybean oil* 
a. Crystalline carotene (1) 5.1° 6.17 30.8 * 
(2) 7.0 
2. Carrot (3.5%) 6.3 6.3 31.0 
3. Sweet potato (9%) 6.9 7.5 30.4 
4. Green vegetable (18%) 7.1 6.5 31.3 
5. Combination of carrot 
(1.2%), sweet potato (2%) 
and green vegetable (6%) 5.9 6.7 30.8 





* Tocopherol contents of purified diet were based on analysis of the oils used. 
The tocopherol content in 1 gm of oil was 0.15 mg for peanut oil, 0.23 mg for 
sesame oil and 0.58 mg for soybean oil. 

The tocopherol content of the Chinese experimental diet was based on analysis 
of the soybean oil used in it (0.50 mg per gram of oil), and on the data of Engel 
(’49) for whole wheat flour, syobean flour and vegetables. 

* Nutritional Biochemicals Corporation. 

* The soybean oil used in experiment A was a crude hydraulic cold-pressed and 
filtered product obtained from the Northern Regional Research Laboratory. The 
soybean oil used in experiment B was obtained from the Chicago Dietetic Supply 
House, Ine, 

‘Sesame oil manufactured in China and packaged in tin was obtained from the 
Mee Jun Mercantile Co., Chicago. 

* Peanut oil, Cellu brand, was obtained from the Chicago Dietetic Supply House, 
Ine. 

* Numbers indicate different lots of each diet. 

'The contents of carotene, tocopherol and ascorbie acid were based on the air 


dried weight of the diet. 
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Oil was the only source of tocopherols in the purified diet 
and the chief source in the Chinese diet. The tocopherol con- 
tents of the various oils were determined according to a modi- 
fication of the iron-dipyridyl method of Parker and McFar- 
lane (’40), and calculated according to the method of Kaunitz 
and Beaver (’44). 

The ascorbic acid contents of constituent vegetables, deter- 
mined according to the method of Robinson and Stotz (’45), 
were used to calculate the ascorbic acid contents of diets in 
experiment B. 

The Beckman Spectrophotometer was used throughout to 
measure the optical density of light absorption. 


RESULTS AND DISCUSSION 


Group means for carotene intake, serum vitamin A, growth 
and liver storage of vitamin A are shown in table 2. During 
depletion serum vitamin A values reached the zero level prior 
to cessation of growth. At the end of the supplemental pe- 
riods, serum vitamin A values ranged from 39.5 to 43.2 gm 
per 100 ml for rats in experiment A, and from 31.6 to 37.3 gm 
per 100 ml for those in experiment B, but differences were 
not significant. These values were similar to the maximum 
blood level of 100 1.U. (33 pg) per 100 ml observed by Lewis 
et al. (’42). The relative constancy of serum vitamin A values 
indicated that all intake levels of carotene were equal to or 
above the amount needed to maintain the optimum serum vita- 
min A level. 

The growth of the rats in various groups in experiments A 
and B did not differ significantly. In both experiments caro- 
tene intakes, ranging from 72 to 106 wg per day, were higher 
than the 25 I.U. (8.3 ug) per day shown by Lewis et al. (’42) 
to be the maximum requirement for optimum growth. There- 
fore, in this experiment growth response was not a suitable 
measure of carotene utilization. 

Group means for total liver vitamin A storage in experi- 
ments A and B differed significantly from each other. Co- 
variance of liver vitamin A storage with carotene intake was 
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studied because there were differences among groups in total 
carotene intaxe. When actual values for liver storage of vita- 
min A were adjusted to a common food intake, they still dif- 
fered significantly (table 3). Therefore, in these experiments 
differences in liver storage of vitamin A could be attributed 
to differences in potential carotene-protecting factors in the 
diet rather than to differences in amount of carotene ingested. 
Group means for liver vitamin A storage adjusted to a com- 
mon carotene intake are listed in table 2. 


TABLE 3 


Covariance analysis among groups, adjusting liver storage for carotene intake 


ERRORS OF ESTIMATE 


Degrees of Mean 
freedom square 


SOURCE OF VARIATION 





For testing significance 
of adjusted means 


Error ‘ 1,698 
B For testing significance 
of adjusted means + 7,204 H 


.0o** 





* Difference is judged to be highly significant (**) if the F value reaches the 1% 


level of significance. 


In experiment A, when the adjusted mean for liver vitamin 
A storage on the diet containing soybean oil was expressed 
as 1.00, the relative utilization value was 1.84 for sesame 
oil, 0.69 for peanut oil, 1.20 for soybean oil and ascorbic acid, 
and 1.36 for soybean oil and lecithin (table 2). Although 
these values suggested that carotene utilization on a soybean 
oil diet was improved by addition of lecithin or ascorbic acid, 
only utilization on the sesame oil diet differed significantly 
from that on other diets. The beneficial effect of sesame oil 
on carotene utilization was not entirely due to its tocopherol 
content because the total tocopherol content of sesame oil 
was less than half that of soybean oil. Some protective effect 
may have been exerted by the phenolic anti-oxidant, sesamol, 
which Budowski et al. (’50) showed to be present in higher 
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concentration in crude sesame oil, such as was used in this 
experiment, than in deodorized or bleached oil. Baumann and 
Steenbock (’38) demonstrated that beta-carotene was de- 
stroyed to a lesser extent in sesame oil than in some other 
vegetable oils. The present findings disagreed with results 
obtained by Guggenheim (’44), who showed that the magni- 
tude of the biological value of carotene in oil was parallel 
to the tocopherol content of the oil. This discrepancy may 
have been due to differences in the amount of oil used; the 
oil intake in Guggenheim’s experiment was approximately 10 
times that in this experiment. In the present experiment, 
5% oil in the diet provided daily intakes of tocopherols rang- 
ing from 0.08 to 0.29mg, which were below the intakes of 
0.5 and 1.0mg found optimum for growth on low carotene 
intakes (Harris et al., 44; Koehn, ’48). Other anti-oxidants 
present in oils may have played more important roles at low 
levels of tocopherol intake than at high levels. 

In experiment B, when the adjusted mean for liver vitamin 
A storage on the diet containing crystalline carotene was ex- 
pressed as 1.00, the relative utilization value for carotene in 
sarrots was 0.56, in sweet potato 0.50, in green vegetables 0.35, 
and in the combination of these three vegetables 0.67. These 
relative utilization values suggested that carotene from green 
vegetables was less well-utilized than that from carrots or 
sweet potato, and that carotene from a mixture of the three 
vegetables was better utilized than that from any of the in- 
dividual vegetables. However, only the utilization of erystal- 
line carotene differed significantly from that of the carotene 
from the 4 vegetable sources. 

The low utilization of carotene from vegetables found in 
the present experiment was in accord with previous findings 
that utilization of carotene from carrots, sweet potatoes and 
cooked spinach, as measured by growth or liver storage, was 
one-third to one-half that of crystalline carotene (Wharton 
and Ohlson, ’49; Callison et al., 49; Fraps and Meinke, ’45). 
Availability of carotene in the Chinese green vegetable (woo- 
chei-pei) has not been reported previously. Low utilization 
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of carotene in carrots has been attributed to its comparatively 
large percentage (29) of alpha-carotene, which had only one- 
fourth the activity of beta-carotene for vitamin A storage 
(Johnson and Baumann, ’48). But utilization of carotene from 
the other vegetables was equally low despite the high percen- 
tage (80) of beta-carotene and low percentage (1) of alpha- 
carotene in sweet potatoes and chard (Kemmerer and Fraps, 
43). Other factors which may have decreased the utilization 
of carotene from vegetables in the present experiment were 
possible isomerization of beta-carotene to neo-beta-carotene 
during processing, and limited absorption due to plant struc- 
ture and such characteristics of the diet as bulk, low fat and 
tocopherol contents. 


SUMMARY 


Liver storage of vitamin A after 4 weeks’ supplementation 
to previously depleted rats was used to judge the effects on 
the biological value of carotene produced by varying the type 
of oil in a purified diet, by supplementing soybean oil with 
lecithin or ascorbic acid and by using different vegetables as 
the source of carotene in a Chinese diet. 

Among the three oils commonly used in China, sesame oil 
in the diet produced significantly higher carotene utilization 
than did soybean or peanut oil. This superiority of sesame 
oil was at variance with its relative tocopherol content; pos- 
sibly levels of tocopherol intake (0.08 to 0.27 mg daily) were 
too low for anti-oxigenic effects to be apparent. The addi- 
tion of 1% lecithin or 0.1% ascorbic acid to the diet contain- 
ing 5% soybean oil produced no significant synergistic effects 
when the average daily carotene intake was 91 ug. 

With respect to the utilization values of carotene in vegeta- 
bles readily available in China: carrots, sweet potato, and a 
green leafy vegetable (woo-chei-pei) did not differ signifi- 
cantly, and were 35 to 67% of the utilization value for crys- 
talline carotene in the Chinese-soybean oil diet. 
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OSBORNE AND MENDEL AWARD 


Nominations are invited for the Osborne and Mendel Award 
of $1000.00 established by the Nutrition Foundation, Inc., for 
the recognition of outstanding accomplishments in the general 
field of exploratory research in the science of nutrition. It 
shall be given to the investigator who, in the opinion of a Jury 
of Award, has made the most significant published contribu- 
tion in the year preceding the annual meeting of the Institute, 
or who has published a series of contemporary papers of out- 
standing significance. 

The Award will be presented at the annual meeting of the 
American Institute of Nutrition. 

The recipient will be chosen by a Jury of Award of the 
American Institute of Nutrition. As a general policy, the 
Award will be made to one person. If, in the judgment of the 
Jury of Award, an injustice would otherwise be done, it may be 
divided among two or more persons. Normally preference 
will be given to research workers in the United States and 
Canada, but investigators in other countries, especially those 
sojourning in the United States or Canada for a period of time, 
are not excluded from consideration. Membership in the Insti- 
tute of Nutrition is not a requirement for eligibility and there 
is no limitation as to age. 

Nominations may be made by anyone. Nominations for the 
1954 Award, accompanied by data relative to the accomplish- 
ments of the nominee, must be sent to the Chairman of the 
Nominating Committee before January 1, 1954. 

Chairman, Nominating Committee: 
Dr. H. E. RoBprinson 


Research Laboratories 
Swift and Company — Union Stock Yards 
Chicago 9, Illinois 
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BORDEN AWARD IN NUTRITION 


Nominations are solicited for the 1954 Award and a gold 
medal made available by the Borden Company Foundation, 
Inc. The American Institute of Nutrition will make this award 
in recognition of distinctive research by investigators in the 
United States and Canada which has emphasized the nutritive 
significance of the components of milk or of dairy products. 
The award will be made primarily for the publication of 
specific papers, but the Jury of Award may recommend that 
it will be given for important contributions over an extended 
period of time. The award may be divided between two or 
more investigators. Employees of the Borden Company are 
not eligible for this honor. 


The formal presentation will be made at the annual meeting 
of the Institute in the spring of 1954. To be considered for the 
award, nominations must be in the hands of the Chairman of 
the Nominating Committee by January 1, 1954. The nomina- 
tions should be accompanied by such data relative to the 
nominee and his research as will facilitate consideration for 
the award. 


Chairman, Nominating Committee: 
Dr. JOHN B. BRowN 
Institute of Nutrition and Food Technology 
Ohio State University 
Columbus, Ohio 








